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To the many scientists in the fields of mathematics, 
physics, chemistry, biology, medicine, and psychology whose labors 
have built the foundations for the science of criminalistics. 



/ hear much of people’s calling out to punish the guilty, but very 
are concerned to clear the innocent. 


DANIEL DEFOE 



introduction 


In this centurv of change and progress, it should not be surprising to cliscm er 
that latv enforcement officers have taken great strides forward both in the cHcc- 
tiveness of their methods and in their ability to dra\v on other sciences for the 
improvement of their techniques. The impact of science on police work may be 
readily observed in the extensive employment of modern means of communica- 
tion and transportation. The most striking change, hotvever, will be found in 
the manner in which the police collect and examine physical evidence. This is a 
change that has had far-reaching effects not only in police departments but in 

the offices of district attorneys and in the courts of law. 

Seen in the light of modern science, physical evidence attains an entirely 
new significance. It was the realization of this fact that led to the establishment 
of police laboratories in this country. The present state of scientific criminolo?y 
is a tribute to the ceaseless struggle of police officials and police scientists o\er 
the last twenty years. Today it is a matter of accepted routine for the courts 
and law enforcement officers to seek the services of the police laboratory where- 
ever a question concerning physical evidence arises. The scene of a crime is no 
longer looked upon simply as a base for questioning witnesses. It may also be 
considered as a field laboratory site where traces of clue material can be dis- 
covered and made to give eloquent testimony at the trial. 

The development of techniques and equipment, however, may not in them- 
selves be considered as tributaries to progress unless they are properly employed. 
It is for this reason that it is gratifying to find that the point of view of the modern 
police officer has been modified to give him a correct perspecth'e. Law enforce- 
ment officials today employ police science with equal zeal for the establish- 
ment of innocence as for the discovery of guilt. It is in this spirit that the present 
work has been written. The authors have endeavored here to give a clear pres- 
entation of the practical procedures of scientific criminology- together with 
their theoretical foundations. A textbook of this nature will have an appeal to 
all those concerned with the processes of law enforcement and the treatment of 
evidence — criminologists, lawyers, and judges as well as police officers. 

GEORGE P. MOXAGH.UW 
Police Commissioner^ City cf \eiv York 


January^ 28, 1952. 



FOREWORD 


The expanding functions of the modern police department have resulted 
in an ever increasing complexity in its operations. In the last thirty years 
separate branches ha\ e grown to considerable size within the framework of the 
police organization. Patrol, inv estigation, traffic, communications, identification, 
juvenile crime prevention, emergency service, and other units constitute sepa- 
rate areas of specialization. With this growth has come a demand for new skills 
and directed training. Indeed, specialization is rapidly becoming mandatory in 

any ctlK'ionilv managed police department. 

The police laboratory is. perhaps, the latest of these branches to achieve 

recognition as an es.sential part of the law enforcement body. Its youth and 
rapid development have not permitted it to assume as yet a well defined form. 
The pattern and scope of the forensic laboratorv- will be found to vary widely 
in diflVrcnt cities and states. In this book the authors have endeavored to explain 
the principles which underlie the work of all police laboratories and to describe 
the metlKxl.s which their experience and research have found most effective. 

Of the manv contributions which the authors have made in this book the 
most important'. 1 believe, is the concept of an integrated, scientific approach 
10 crime detection. 1 he individual detective must consider himselt a member ol 
1 team which approaches the problem presented by a crime with a rationalized 
plan of attack. Hie close as.sociation of the lalxiratory scientist with the man 
in the held was proved in World War II to be an invaluable combination in 
militarv oixrations. .Similarly, the cooperative recognition and undei^tanding 
of problems and resources forms the basis of an effective alliance in detective 

''' '^Confronted with the wide ranee of subject matter treated from a specialized 
..,.nt of view, the reader will. I believe, conclude that scientific crime detection 
is a full-time career which must he ba.sed <m a thorough academic preparation 
in the scK-nces. It is. in short, a profession providintx a service which is essoitia 
■i. tv in itv effort, toward the suppres.sion and detection of crime and the 

protection of the inniKcnt. 

ARIHI R tr. WALL.WDER. 

Police Commuuonn, City of .'sfw lock, 
Sfpirmhn, 1945- February. 1949 
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PREFACE 


The continued high rate of crime in this country has brought into sharp 
focus the police methods which are in current practice. A critical appraisal has 
revealed a number of disturbing inadequacies in the police mind and the 
techniques which it employs. A certain degree of conservatism is to be expected 
in a profession which dedicates itself to the preservation of the status quo; but we 
have witnessed that, while there has been in recent years a tremendous demon- 
stration of the effectiveness of applied science in warfare, during the same period 
the police forces of the nation have come forward with nothing more revolu- 
tionary than the increased use of two-way radio. We may therefore safely 
question the effectiveness of the law enforcement mind. 

A particular example of this intellectual lethargy is offered by the special 
field of scientific crime detection. A comparison of the techniques applied to 
the examination of physical evidence in 1938 with those of 1948 will reveal the 
fact that practically no new methods have been developed during the past ten 
years. Refinements of technique have been suggested in this period, but the 
essential methodology and instrumentation have remained unchanged. This 
situation has existed during a period of unparalleled development in other 
sciences. Another significant fact is the number of police laboratories which 
have been in existence over this period. There has been a remarkably small 
increase in this number. It may be offered in reply that these statistics are 
evidence of the failure of science in police work; that the tried and true methods 
have been applied effectively, and that, had the police laboratory been success- 
ful, its growth would have been fostered. To this we can only add the para- 
phrase: It is not that police science has been tried and found wanting — it is 
rather that it has been found difficult and left untried. 

With the exception of a few large cities and states, scientific criminal in- 
vestigation has not been applied on a scale suited to even the barest needs. 
In many sections of the country it is literally true that “you can get away with 
murder.” The fresh physical evidence of bloodstains, fingerprints, footprints, 
and other clues, quickly becomes worthless in the absence of trained police 
personnel. This is particularly unfortunate in rural areas, since police science is 
decidedly more effective where the number of suspects is limited and the presence 
of witnesses is less probable. The misfortune for society lies not so much in the 
possibility that the criminal may go unpunished as in the danger that an inno- 
cent person may be wrongly accused. 
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PREFACE 


This failure to applv science on a wide scale to criminal investigation can 
be attributed to many causes. Chief among these, perhaps, is the inabUity of 
ci\ il service to attract competent personnel. Instead of emplo\ang men who are 
trained in science, the practice in many communities has been to submit the 
clue materials to the fumbling ministrations of a local detective who may be a 
hobbyist or an amateur in laborator\^ methods. There are only four or five cities 
in which formal examinations are conducted to obtain qualified scientists for 

police work. 

Another explanation of the current indifference to police science and a 
reason also for the failure to attract competent workers to the field is the absence 
of any svstematic literature devoted to the subject. In the English-speaking 
countries particularly, the most talented contributors to police science have 
considered the work an avocation rather than the major interest of their en- 
deavors. Their contributions have usually been by-products of their research in 
other studies and not the direct outcome of a planned attack on the problems of 
criminalistics. The result of this approach has been a conglomeration of material 
ran-ing in quality from scholarly theses to mere tricks and recipes of doubtful 

The student entering the field of scientific crime detection finds himself 
confronted bv an odd assortment of texts. Most of these are popularizations 
which explain away the difficulties of subject matter in terms of facile analogies. 
The more serious works are optimistically written \vith a view to making a 
scientist out of a detective; but here again, the road to a true understanding of 
the principles of criminalistics is blocked by the necessity for oversimplification. 

A few texts meet squarelv the major problem: To make a detective out of a 
science student, i.e., to develop from the scientist the scientific investigator of 
crime, bv showing how the principles and techniques which he has studied can 

be applied to the peculiar problems of examining clue materials. 

This confusion is appropriately represented in the names which are em- 
nloved to designate this branch of knowledge. The terms police science, saentific 
<~nminolnou u ientific nwuruil imeitioatwn arc applicable also to police administra- 
tion and meth.xls of deli-ction in general. Forensic chemistry and forensic science 
express too little to l>e u.seful. The authors have decided, for the purposes of the 
pres<>nt text, to use the name criminalistics in referring to the work of the police 
lal.iraton,-. 'I his is not entirely a neologism. The words hriminalistik, crimi- 
nahstique, and cnminalistuia are in common u.se in continental Europe ns ere 
great Jr care is gis en to precision of terminologs-. We shall define criminalistics as 
^at science which applu-s the phvs.cal sciences in the investigation of crimes. 
wJ hase not restricted ourselves merclv to this term but have used the othe« 
Irxiselv as svnonvms in order tr. avoid any formal rigidity in the writing. On 
l; J tion which mav lx raised against the use of this term is that the word 

rriminalistic and are to lx found with a different 

unal.ridged dictionaries. The words arc. however, rarely used and mas be 
ronMdered obsolete. 1 he .ufiant:ig.-. ni..r,over. easily overcome this object.om 
First we arc pros ided with a single word to dt^signate the science, becond, th 
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danc^er of ambiguity is avoided. Third, a means 


of distinctively classifying the 

merlture of the" subject is provided, thereby eliminating the diiricullics which 
the student now encounters in searching for liljrary references. Fourth, a word 
comparable to that used in other languages facilitates the study for the foreign 

Student. ^ . , , ■ 

The lack of organization in forensic science is attributable in part to the 

nature of the work. Criminalistics must depend for its development largely on 
the principles and data of the major physical sciences — chemistry, physics, and 
biolog^^ It is in that respect a parasitical branch of knowledge. It docs not 
attain to the dignity of a science in itself until it adapts to its own use and 
organizes for its own specific purpose the findings of other sciences. Drawing 
its^echniques from such diverse sources, police science docs not lend itself to 
the ready classification which the work of the medical examiner enjoys. 

Another reason for the present state of affairs lies in the varied backgrounds 
of the contributors, most of whom have had little experience as practicing 
detectives or police officers and hence have cloudy views of the problems which 
face the police. The techniques which an investigator will find effective in the 
field are frequently altogether different from the elegant methods developed in 
the laboratory- by men who have no experience in practical detective work. 

To attain the scientific order which is desirable in a work of this nature, we 
have arranged the subject matter according to the branch of science in which 
it falls. The applicable principles and instruments of each field are described 
and then applied to definite problems which deal with clue materials. In this 
way the power of the theories and methods is stressed, and their extension to 
further problems is suggested. Equations have been derived wherever their 
importance justifies the space. Many of these equations recur in various chap- 
ters. Certain relations in optics, for example, will be found in chapters on 
photography, microscopy, x-ray diffraction, and the electron microscope. 

It is intended that this work shall serve several purposes. One of the principal 
aims is to offer a textbook for college students who w'ish to study for careers in 
police science. To this end the material has been arranged in textbook form 
and written in a style suitable to the needs of the student. Most of the chapters 
ha\ e been pro\ ided with exercises to test the reader’s mastery of the subject 
matter and to assist him in practical application of the techniques which are 
described. 

Detectives, patrolmen, private investigators, and others whose duties in- 
clude the collecting and evaluating of clue materials will find many sections 
here which will guide them in their w’ork, suggesting the value of the various 
kinds of physical evidence and prescribing the procedures necessary for their 
proper care. It is hoped also that jurists and lawyers will find the w'ork useful in 
judging the w^orth and reliability of expert testimony in courts. For the prac- 
ticing police scientist we believe that this book may serve as a reference w'ork 
for the methods w^hich are needed in this field, and that it will be suggestive of 
many techniques with which he is not acquainted. 

The treatment of the subject matter in a text of this nature presents a 
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problem to which tve have found no happy solution. Since the book is not 
.m-le in its purpose but is designed for a varied audience, it is not possible to 
maintain an unvarving point of view. The wide variety of subjects which are 
treated necessitates inclusion of matters which are of h^-school simplicm_ 
^s-ith those which approach the graduate-school level of difficulty. The tab e o 
contents will be found to include such diverse topics as the micrometer caliper, 
powdering a finserprint. x-ray diffraction, and spectrophotometry. W e can see 
no ^vav out of this difficuffi' if this work is to maintain its character as a source 

4 

book for criminalistic techniques. 

In the selection and treatment of this material the authors have drawn 

constant- on their experience in the laboratory ^nd in the 
en-a-ed in or observed several thousand cases, many of which %n ere of major 
Lportance. thev have been able to estimate the frequencv with which various 
laboratorv techniques are applied. Case histories, however have been avoided 
completelv. partlv because they would add excessively to the number of pa^es 
but mainlv because the tvpical anecdote contributes little of value to the theors 
L practice of police science, and even less to the art of the detective story. In 
seleain- the subject material a number of important omissions is ere necessarv. 
Notable among 'these are the subjects of toxicology, handuTitmg comparj^n, 
firearms Identification, and lie detection. A study of these matters is.ffid hax. 
required another volume more than half the size of the present one. There are, 
moreover a number of texts on these subjects already in existence. 

Much of the subject matter has been approached from a d^rent ° 

examinL In consequence, it deals predominantly with serious crimes of violence 
!! l^micide. rape poisoning, and so forth. This preoccupation with crimes 

itZs t hifhTan ffillrph>ffic^ -edical science 

mass of the detect literature The authors have sought 

laboratory procedur.s rvhich are appli- 

rorau’tzrs .tu-ur. onore„.c .,e„« i, .be 

arelv 3^000 mo.or veb.cle dea.br each veor as compared or, 

r„":r.bt':ot,;^po,^e.bj^ 

S'™er'jr„^di.S ;ftrT'L',»cJciem,s., .3 

bilitv of the defendant tends to mitigate the gra\i . -^orilv froi 
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the deceased is often a person of questionable rejnitation, the hit-riiul mii 

is in most cases an innocent and useful n.e.nber of society, ireciue.uly a eluKl. 

Because u-e consider the neRlitjent driver one of the most danq. ions o 
criminals, we have devoted a commensurate space to the work of the la boiatoiy 
in the investigation of motor vehicle accidents. The chapters treatum tins topu 
have been arranged in sequence to provide an independent unit (or spet i.ilists 


in this field. ,, , , 

We have endeavored wherever possible to stress the importaiue ol lielt 
work. Quite frequently the important critical work in a case mvolviiiL' I'hysK a 
evidence is performed at the .scene of the crime and not at the hiboratory. be 
services of the scientific investigator are needed [irimanly at the scene, wbeie 
his experienced and critical mind can judge the worth of the evidentiary traces 
and determine the methods by which adequate samples can la st be collected 
and preserved. The analysis at the laboratory is often a routine adair wlm li 
may be entrusted to an ordinary technician. The teclmuiuc. lor example, ol 
operating a spectrograph can be mastered fpiite readily by a labortitory a.ssis- 
tant. The knowledge, however, which leads to the discovery, correct evaluation 
of the clue materials, and proper care of the traces found in connection with the 
crime must be derived from thorough traininu and experience. 

There is at present an unfortunate tendency in this country to retain the 
criminalistician within the walls of his laboratory and to surrender the impor- 
tant task of selecting and sampling the evidence to a det<‘Ctive to whom the case 
has been assigned. This indifference to the first and essential ste[)s of a scientific 
investigation is due in great part to nece.ssity. Few cities or counties posse.ss a 
mobile laboratory unit. Their procedure in regard to physical evidence is to 
ignore it in minor cases and, where the crime is more serious, to send the evi- 


dence to a state or federal laboratory for analysis. The great distances separating 
the site of the crime from the laboratory forbid a visit from the trained analyst. 
Thus it has become customary to consider the police scientist as the distant 
recipient of the physical clues rather than the active participant in their dis- 
covery. The evils of this system are apparent. They are aggravated by the fact 
that the convenience and economy of such an arrangement help to sustain the 
tradition. The authors feel that there is a pressing need for a reform that 
each large community should maintain a police laboratory of appropriate size. 

The experience of the authors as testifying experts has led them to provide 
an adequate background of theory in each chapter. It must be remembered 
that the police scientist will be called upon to defend his conclusions in his 
court testimony, and that opposing counsel will be permitted to a.sk him eptes- 
tions concerning the branch of science in which he is testifying. The interroga- 
tion will frequently take the form of a classroom quiz period. Often there will 
be a manifestly unfair advantage on the side of counsel. If, for example, the 
expert is testifying about his microscopic findings, he will be considered fair 
game for questions dealing with resolving power, diaphragms, and numerical 
aperture. The questioning is often illogical and irrelevant. A biologist may use 
a microscope effectively for many years without an adequate knowledee of the 
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la^v. of optics. A photoarapher can attain a high degree of technical proficiency 
^vithout knotting much about the chemistry of development, yet he will lose 
some standing in the eyes of the jury if the elementary theory is not at his finger- 
lips This is how the siame is played; hence we have endeavored to equip the 
future expert to w ithstand a rigorous cross-examination in his field. This ^ not, 
of course, the sole or even the major reason for stressing the theory. The in- 
telligent employment of the methods of science must always be based on a true 

understandins: of its principles. . ,1. 

The qualifications which should be required of a police scientist are difficult 
to state preciselv. There is a tendency among civil sers ice commissions to stress 
in their requirements for a forensic scientist the importance of a Ph.D. degree, or 
other specialized graduate training. This is perhaps due to a misunderstanding 
of the work of the police laboratory. The criminalistician should endeavor to 
acquire breadth as well as depth in his scientific education. The person pro- 
ficient in chemistrv alone will find himself inadequate to deal with elementary 
problems of a phvsical or biological nature. The work of criminalities is char- 
Lterized bv the great varietv^ of relatively elementan' subjects which must be 
mastered. At the scene of a crime the police scientist is essentially ^ 
tician Confronted with the physical evidence of the crime he mu^ mdicate he 
significance of these clues and outline the procedures whereby their full value 
ca"n be realized. An authoritative understanding of a limited phase of polme 
science wall not take the place of a rounded knowledge of the many resources 

'^^coTclu^on ^ve should like to stress the fact that we have not 

means of increasing its efficiency. It is more important that we proside a sh e 
for the innocent defendant than a weapon for the prosecution. Althou 
phvsical methods of the 'Ahird degree” have long since become obsolete equal y 
brutal techniques of a psvchological third degree are frequently employed n 
the interrogation of suspects. It is hoped that the science of criminalistics will 
offe" ro^re civilized approach to the problem of obtaining and evaluating 

evidence. 



A CKNO WLEDGMENTS 


The authors are deeply indebted to many sources. We wish to express our 
gratitude to Police Commissioner William P. O’Brien and former Commissioner 
Arthur W. Wallander for their encouragement and kind permission to use 
the resources of the New York Police Laboratory in preparing this work. To 
Professor Louis Sattler of Brooklyn College we are greatly indel^ted for his 
unfailing generosity in reading and correcting a considerable portion of the 
text, and for his innumerable suggestions of technique and treatment. Dr. 
Alexander S. Wiener and Mrs. Eve Sonn Gordon of the Chief Medical Ex- 
aminer’s Office of New York City read the chapter on blood. Professor M. D. 
Hassialis of Columbia University read the material on microscopy and pho- 
tography. Dr. Clarence E. Ireland of Staley Products, Inc. reviewed the parts 
devoted to physical measurements, physical examinations, and spectropho- 
tometry. Professor 1. Fankuchen of Brooklyn Polytechnic Institute oflfered 
many helpful suggestions in the treatment of x-ray diffraction. Professor 
William L. Parker of the same institution reviewed the spectroscopy chapter. 
Professor Harry A. Charipper of New York University corrected the chapter 
on semen examinations. Dr. M. C. Banca of Radio Corporation of America 
read the section on electron microscopy. The chapters devoted to treatment of 
data and criminalistic proof were reviewed by Professor Alexander Calandra of 
Washington University. Dr. Joseph Schultz, formerly director of research for 
the New York Chemical and Quinine Company, read the material on narcotics. 
Professor R. N. Harger of the University of Indiana reviewed the chapter on 
blood-alcohol determinations. Mr. J. P. Thompson of the General Electric 
Company read the chapter on spectrophotometry. Mr. J. S. Baker, Director 
of Research at Northwestern University Traffic Institute, read and corrected 
the chapter on the determination of automobile speeds from skid marks. 

Of the many others who cooperated in this work, special mention should 
be made of Mr. Frank D. Doyle, Secretary of the Police Department, Chief 
Inspector August W. Flath, the late Chief Inspectors, Martin J. Brown and 
John J. O’Connell, Chief of Detectives William T. Whalen, Act. Dep. Chief 
Insp. Michael E. J. Ledden, Act. Capt. Edward F. Fagan, Act. Capt. Daniel 
C. Murphy, Lieut. Edward A. Palmer, and our colleagues in the laboratory 
of the New York City Police Department. Mr. Mathias J. Schuler, and Dr. 
Allison Maggiolo of Columbia University also rendered valuable assistance. 

To Mr. Alexander Thomas of the New York Police Laboratory we are 



ACKNOWLEDGMENTS 

esoecially grateful tor the many drawings which he prepared for this t»t and 
Z constant zeal which he brought to the task under ddficult condthom. 
Mrs Helen Herbert McKenna and Mr. John P. Weiss rendered invaluable 

assist ance in the tedious and exacting work of preparmg the manuscript. 

The incomparable library facUities of New York wem at our dnpos^ du^ 
the writing of this text. Mass Ruth D. Grotheer of the Queens Borough PubUc 
Ubr^ and Miss Rebecca Rankin of the Municipal Reference Ltbr^ were 
particularly helpful in making avaUable the many books, ,ou™l^ and 

M^re, E. Terek, M. Pierri A. D. PerUlo, M. Wood, of the Queens Borough 

Public Library also assisted in various ways. j • «. 

tL authors wish to acknowledge gratefuUy, the cooperation and ^taime 

of the foUowing individuals, industrial concerns, and saennfic socienes for 

^hing iUusJative materials or for permitting the use of texmal matter from 

f c‘ w“Xehlberger, Dr. F. L. Kozelka, Mrs. Rose Brennej hfc. J^me 
Bat^ Mi. Prices Reilart, Mr. Roberi S. F^ of t^ 

ciates Mr C. J. Woods of the North American Philips Co., Lieut. R. F. Borken 
Ito ot*e Indiana State PoUce, the American Chemi^ S^tejy, the .^en^ 

JarreU-Ash Co., the National Safety CouncU the No^ Ai^n^n 
PhUiDS Co the Radio Corporation of America, and the Dow Chemical Co. , 
the Funk a^d Wagnalls Co. for permission to quote from the chapter on Ques- 
tioned Documents in their publication. Modern Criminal Investigation, by Sod^- 
^rS^^ConneU- the McGraw-HUl Book Co. for permission to reprint the 

plate frx>m their publication. Inorganic Analysis, by Cady; the 

Lh pubUcatiol ^ Casting,^^ 

LSion. the IJors have drawn freely upon the articles which have been 
published in this journal. 



TABLE OF CONTENTS 


PART A — THE LABORATORY IN GENERAL 


1 


CSiapter 1. The Police Laboratory 

Purpose. The plan of a police laboratory. Laboratory procedure. The personnel 

of a jjolice laboratory. Working conditions. Research. 

Chapter 2. Laboratory Equipment 

Size of laboratory. A laboratory for a large city. A laboratory for smaller 

communities. 

Chapter 3. The Mobile Laboratory Unit 

Necessity for mobility. Equipment for the small unit. Equipment for the large 
unit. Airborne unit for lai^e territories. 

Chapter 4. The Care of Evidence; Its Preservation and Transportation 
General principles. Collecting and packing. 

PART B — PHYSICAL MEASUREMENTS 


3 


Chapter 5 * Treatment of Data 

Significant figures. Scientific notation. Averages or central tendency. Normal 
distributions. Dispersion. Precision indices. Statistically reliable difference. 
Reiection of individual readines. Probable error in computed results. List of 


Chapter 6. Measuring Instrumen 
Vernier and micrometer calipers 
other curved specimens. The n 
devices. 


Chapter 7. Density Determinations 

Applications. Definitions. Effective temperature. Density of liquids. Density 
of solids. 


10 


21 


30 


37 

39 


54 


68 


PART C — IMPRESSIONS 

Chapter 8. Fingerprints 

Developing fingerprints by powdering. The latent fingerprint. Selection of 
powders. Powdenng or dusting. Latent fingerprints by other methods. Re- 
cently made prints on paper. Reagents on paper, wood and cloth. Silver 
nitrate. Osmium tetroxide. Iodine. Additional methods. Fingerprints at the 
scene of the crime and special techniques. Houses. Vehicles. Various surfaces. 
Fingerprinting cadavers. Transfer methods for fingerprints. Use of lifting 
methods. Rubber lifters. Transparent tape. Iodine-silver method. Photc^aphic 
paper (Weber process). Photographic film (Harrison process). Poroscopy. 


75 

77 



XVlll 


103 


CONTENTS 

The \ aluc of poro-copv. The pore pattern. Proof in pore patterns. The acci- 
dental pore impression at the scene. Making a pore impression of a suspect. 

Chapter 9. Foot and Tire Impressions 

PI i^ter can^ Before castine. Makin- the cast. Casts in hrm surfaces Casts in 

mote Sand, dust, and flour. Hastening, retarding, and hardening. Compari- 
mn of the cast ivith a shoe. Footprints and tralking patterns. Footprints m 
earth Walkinsr patterns. Surface footprints. Developing sole prints. Classifica- 
tion of sole prints. Surface prints of a foot or shoe - no development necessary. 
Methods of lifting. Tire impressions. Direction of travel. Measurements. 

Classification of tires — the classification key number. 

Chapter 10. Tool Impressions ^ 

hitroduction. Procedure at the scene. Procedure at the laboratory. Micro- 
scopic e.xamination. Impression of various tools. 

Chapter 11. Moulage and Other Casting Techniques 

The need for casts. Plaster of Paris. Moulage - agar compositions. Making the 
mold. Positive materials. Metals suitable for casting. Moulage methods for 

various surfaces. 

PART D PHOTOGRAPHY AND THE CRIME LABORATORY 141 

The photographic record. At the scene. Court demonstrauons. Photograp ic 
laboraiory methods. 


121 


131 


dUcnce and ima?e distance. 

Jraphin- in sections. The speed of a lens and the f system. The 1 s>stem. 
Soice of lens and camera. Perspective. The photograph as a faithful reproduc- 
non Geometrical definition of perspective. Distortions.^ The photograp i 
a- ^ rtrrsnective. Mewin^- the photograph. Correction by enlargement. 

S.rrection bv reduction. Perspectit'e and focal length. General. Depth ^ 

fhe circTe orconfusion. Ma.vlmum depth of field. Hvperfocal distance. 

rhaoter 13 Tonal Relations — Fidelity and Contrast 
^ The ne<rative and tone control. Definitions. The perfect negative. The char- 
IctcrUtic curve Gamma and film. Gamma and development time. Summ^^ 

ploduc. Ph.„,r.phic paper and denaPy, 
velopment. 

Fixation. Washing, General. 

Chapter 15. Color Problems and the Use of Films, Filters, and 

Representmf Td ivhite S 


145 


168 


19( 


19 




mters. Combinations of filici-s. Polarizins: screens. Glare 
Polarized light. Polarizing screens in photography. \ arious su 


in photography, 
rfaccs. Exposure. 


Chapter 16. Photographing Fingerprints 

Precautions. The camera. Photographing before developing the in-erpnnt 
Filters and film. Multicolor back-rounds and colored po\vdcrs. 1 luorescent 
powders and ultraviolet light. Infra-red. Fingerprints on glas.s and mirrors. 

Transparencies for white prints on black. 


Chapter 17. Ultraviolet and Infra-Red Photography 

Photography in ultraviolet radiation. Fluorescence. Photographs by reflected 
ultraviolet light. Sources of illumination. Infra-red photography. I liters. 
Film and development. Light and e.xposure. Focusing. 


Chapter 18. Stereoscopic Photography 

.Applications. Binocular vision. Perception of depth in photography, 
stereoscopic vision. Stereoscopic cameras. Printing the stcrco.scopic 
The stereoscope. Stereoscopic photomicrography. 


Limits of 
negative. 


PART E — PHYSICAL EXAMINATIONS 


Chapter 19. Direction of Force in Broken Windows 

Cone fractures. Radial fractures. Spiral fractures. Cross-scctional surface. 

Safety glass. Procedure in examining a window. 

Chapter 20. Gambling Machines, Marked Cards, and Altered Dice 

Gambling machines. Marked cards. Altered dice. Procedure of examination. 

Chapter 21. Ultraviolet and Infra-Red Examinations 

Ultraviolet examinations. Nature of ultraviolet light. Use of ultrav iolet light. 
Ultraviolet sources. Examinations by fluorescence. Infra-red examinations. 
The infra-red region. Cloth, paints, and stains in the infra-red. Documents and 
the infra-red. Shadow photography. Miscellaneous. Infra-red examinations 
without photography. 


Chapter 22. X-Rays 

Introduction. Applications to criminalistics. Definitions. X-ray sources. The 
x-ray tube. Intensifying screens and photographic emulsions. Intensity of 
image. Focus and definition of the image. Contrast in the radiograph. Protec- 
tion from x-ray equipment and x-rays. Data for the practical use of x-rays in 
police investigations. 


Chapter 23. Examinations in Automobile Accidents 

Examination of the scene. Examination of the injured. Examination of the 
suspected vehicle. 


Chapter 24. The Identification of Automobile and Other Glass 

Automobile glass. Other glass. Glass found at the scene. Suspected car held for 
comparison. Coiaposiiion of glass. Analysis of glass. 

Chapter 25. Determining Speed in Motor Vehicle Accidents 

Coefficient of friction. Tires and friction. Skidmarks. Slopping distance on 

level ground. Stopping distance on hills. The decelerometer. Determining the 

initial speed from skidmarks. Theory of braking — two-wheel brakes. Weight 

transfer. Determining the position of the center of gravity of a vehicle. Acci- 
dents on curves. 


XIX 

208 

217 

227 

237 

239 

247 

257 

2''1 

289 

298 

310 



XX 


CONTENTS 


347 

349 


365 


384 


391 


399 


PART F — CHEMICAL EXAMINATIONS 

rh^nter 26 Chemical Tests for Intoxication t 7 

To" alcohi.. as an Index of in.oxicadon. Oaemkal »»■ S.nnpl.ng, Forensic 

considerations. 

S^dTorpetTa^alcodo., The iodoto™ re... Mix.nre. oterhy, and 
methvl alcohol. Other constituents. 

Chapter 28. Detective Dyes, Fluorescent Powders, and Radioactive 

The Probl^^G Jne7al principles and the nature of the chemicals used. Detec- 
!rnettv tlheven- bv the use of dves and fluorescent powders Chemical 
lor gasoline. Chemical detectors for ink. Radioactive substances as 

detectors. Geiger counters. 

^^^Po^s’de^i!.’ S^^'raffin^tphen^^ test for nitrates. The Walker powder 

residue test for nitrites. 

Chanter 30. Detection of Carbon Monoxide and Other Ga.es 

Carton monoxide. Carton dioxide, Oiher dangerous gases. 

“TToip^Sotbloto. Peeiitonarv^o^ 

™ ™r„ping TtrLTbS. Gmuping of drs- blood s.a.n.. Source, of error 
in interpretation of grouping results m dried blood stains. 

^""g^eraf \vrs;“cimT.^^^^^^ spermatozoa. Identlflcation of sperma- 

tozoa. Dried specimens. The Florence reaction. 

^"‘Tener'afcJI.rsSt'Adulterations. Reagents. Opium. Morphine. Codeine. 
Seroin Cocaine. Cannabis Indica (Marpuana). 

PART G — DOCUMENT EXAMINATIONS 

Chapter 34. Inks , „,iirrt:,nnatc ink The chemistry of iron gallo- 

Lroduciion. f "rgoT Imfion. Nigrosinc ink. Chinese, 

tannate inks. Loguood ink. Co • - „ inks Physical methods used in 

India and carbon writing inks. Colo d , Chemical methods used in 

the examination and Ve of inks. Physical methods 

the examination and comparison of ? limitations and precautions. 

eTbe -rrlTernT m t™ L” evidence of nge, .kr. .he ink. 

from ihc same bottle. 

;i;“roT/S vTtt sSI'u-ed ,o decipher ob.i.era.ed wrrungs. 


426 


432 


455 

457 



CONTENTS 

Th.. Fitammation of Documents for Invisible Writings 

^ ^General ' Physical methods. Examination by visible light Examination y 

rXions. Examination b, infra-red radiatmnt. ‘•‘S' 

“ ravV Gdaer counters. Iodine vapors. Heat. Colored powders. Colored snlu- 
tion. Wate't as a developing agent. Chemical exatntnattons. Practtcal appitca- 

tions in anonymous letters. 

Chapter 37 . Miscellaneous Document Problems Pnntart 

indented tvriting. Writing on earbon paper. Charred documents. Contact 


• • 


writing. 


PART H — OPTICAL METHODS OF ANALYSIS 


494 


503 


The microscope in police science. The magnifier or simple micro^ope. The 
compound microscope. Numerical aperture. Resolving power. Objectives 
Oculars. Condensers. Diaphragms. Depth of field. Illumination of transparent 
obiects. Illumination of opaque objects. Methods of illumination. Procedure 
in using the microscope. Normal magnifying power. Magnifying power. 

Slides and cover glasses. 

Chapter 39 . Photomicrography . . 

The camera. Magnification. Photomicrography with the microscope. Depth 
of held. Exposure. Procedure in high-power photomicrography. Subjects in 
photomicrography. Mounting media. Filters. 

Chapter 40. Measurement of Refractive Index ... 

General. Critical angle methods. Refractive index of solids. Refractive index 

of liquids by the use of the microscope. 

Chapter 41. Spectrochemical Analysis 

The theory of emission spectra. Thermal and discharge tube methods of excita- 
tion. The direct-current arc. Methods for increasing sensitivity of the arc. 
Spark discharge methods. Choice of instrument and other equipment. The 
principal parts of the spectrograph. Lenses. Slit and diaphragm. Dispersion 
elements. Photographic materials. Adjustment of light source and instrument 
for focus. Measurement of wave lengths of spectral lines. Methods of qualita- 
tive analysis. Quantitative analysis. Absorption spectra. General procedure. 
Reference literature: tables and charts. Personnel. Probative value of spectro- 
chemical analyses. 


519 


521 


542 


561 


572 


PART I 


ADVANCED INSTRUMENTAL METHODS 
OF ANALYSIS 


605 


Chapter 42. X-Ray Diffraction 607 

Analysis by x-ray diffraction. The crystal as a diffraction grating. Crystal 
structure. Bragg’s law. The wave length of x-rays. Excitation of x-ray spectra. 
X-ray diffraction methods. Analysing the pattern. Applications. Limitations 
of the method. 

Chapter 43. Color Analysis and the Spectrophotometer 62f 

Color. Color problems in the laboratory. Spectrophotomctric analysis. Stand- 
ard illuminants. Equivalent stimuli. Trichromatic coefficients. The chroma- 
ticit\' diagram. Computing trichromatic coefficients from spectrophotomctric 
data. Color measurement. Summa^^^ Applications of the spectrophotometer 
to criminalistics. 



XXll 


CONTENTS 


Chapter 44. The Electron Microscope 

Limitations of the li^ht microscope. The electron wave. The electron lens. 
The electrostatic electron microscope. The magnetic electron microscope. 
Difficulties in the use of the electron microscope. Applications to criminalistics. 


part T — SCIENCE AND THE PROBATIVE VALUE 

OF PHYSICAL EVIDENCE 


Chapter 45. Some Useful Mathematics 

Permutations. Combinations. Probability. Independent events. Mutually 
exclusive events. 


Chapter 46. Probability and Proof . 

hobability in criminalistics. Conditional probability The general application 
of probabiliu- in court testimony. 

Chapter 47. Some Miscarriages of Justice Analyzed in the Light of 

Criminalistics 

Mistaken identification. Inadequate circumstantial evidence. Framed an 
simulated evidence. Perjury. Other reasons. 


666 


680 


Chapter 48. Looking Ahead 

The need for an institute for the study of criminalistics, 

istics. The future. 


Research in criminal- 


686 


Index 


697 



PART A 


THE LABORATORY 
IN GENERAL 




CHAPTER 1 


THE POLICE 

LABORATORY 


1. PURPOSE 


The function of the laboratory in police work is the scientific examination of 
physical evidence. Usually the purpose of this examination is to determine the 
manner in which a crime was committed, to connect a suspect with the crime, or 
to aid in establishing the identity of the criminal. Naturally, the activities of the 
laboratory are not rigidly confined to these objectives, but may include many 
other tasks which the manifold duties of police work entail. In the subsequent 
description of the laboratory, many of these activities will be brought out and 
the full scope of the laboratory will be more clearly outlined. 

The examination of evidence is usually done at the laboratory. For example, 
a deteedve trying to establish the identity of an abandoned baby may have as 
his onlyclue the clothing in which the baby was dressed. He submits this evidence 
to the laboratory and requests an examination for laundry marks and other 
indications of the clothing’s ownership. Another example is an arrest for an 
illegal sale of whiskey. In this case, it is necessary to establish the fact that the 
beverage sold is whiskey within the meaning of the law. The officer making the 
arrest submits a sample to the laboratory and asks for a chemical analysis to 
determine the nature of the alcohol and the alcoholic content of the alleged 
whiskey. 

Frequently, however, the laboratory investigator must visit the scene of a 
crime for the purpose of a general examination of the physical surroundings to 
discover such traces as fingerprints, footprints, bloodstains, hair, fibers, matches, 
bullets, shells, dust, and other indications which may point to the perpetrator. 
For this work means must be provided so that the necessary equipment can be 
brought to the scene. 


In order that a laboratory may be utilized to the fullest advantage by a police 
department, it is necessary that the personnel of the department be sufficiently 
well instructed in the elements of criminalistics to enable them to appreciate the 


value of the contribution of the laboratory in criminal investigations. Training 
schools for detectives and recruits should therefore include in their curricula an 


elementary course in scientific criminal investigation. The importance of pre- 
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serN ing undisturbed the evidence at the scene of a crime must be constanUy 
stressed. One of the most frequent causes of complaint on the part of police 
scientists is the failure to safeguard the scene before their arrival. All too frc- 
quenUy, the tire tracks which might have been avaUable as evidence have been 
rendered worthless by the thoughdess and careless traffic of persons who have 
arrived at the scene before the laboratory investigators. In cases of homicide it is 
often impossible to obtain fingerprints without at the same time mcludmg those 
of persons who appeared at the scene, but who are not associated with the cjmie. 

The personnel of a police department should be impressed, too, with the 
importance of summoning the laboratory to the scene of a crime as srcn m 
poiible. To preclude negligence in this matter repdauons should requue Ae 
services of Ae laboratory at the scene of all homicides and other cnmM o a 
serious nature when the solution is not obvious. This precautton insures also the 
proper sampling of the clue materials Aat may be present. The great importance 
of L may be realized from the dictum of Ae chemist Aat an ^ 

no better than Ae submitted sample. Since AU U Ae case, it is indent 
trained scientists should be entrusted to coUect Ae material to be used as 

evidence. 


2, the plan of a police laboratory 

Since the function of Ae police laboratory is to make ^ 

?rost no limits to the elaborateness wiA which Ae laboratory may be equipped 
mem cTu “Lo scientific evidence. AlAough Ae size of a police '».bora'o^ -nU 
Lmer*e general plan will usually include Ae followmg, eiAer separate or 

combined ; 


(a) 

(b) 


(c) 

(d) 


(e) 

(f) 

(g) 

(h) 

(i) 

G) 


A receiving room or desk where the evidence is received 
An evidence room where the evidence is always stored except when « 
being examined. Naturally, no one but members of the laboratoiy sl^ 
Ic permitted to enter this room. Records may also be kept m this room. 

^ tgTi^" - Aduding faciUties for developAg prints ^A 
powdfr, todme, and silver nitrate. Etching and castmg equipment ma, 

also be used in this room. 

A work room for repairing and building eqmpment 

A rtiom (or processAg photographic ma^ 

A ^m L physical tests and comparisons. Acludmg handwntmg, bal 

r^r" wActof^loAd be lead lined. EqApment fe 
ultraviolet examAations may also be included m this room. 

A room for spectrographic analyses 
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(k) An office where the laboratory personnel may be consulted and where 
the director of the laboratory may conduct his aflairs 

(l) A stockroom 

A laboratory serving a small community would find two or three rooms 
sufficient for the functions indicated in the above list, figure 1 on page 10 
illustrates the plan of a laboratory suitable for a large city or state. 


3. LABORATORY PROCEDURE 

Because of the importance of prcscr\ ing the continuity of po.ssession of 
evidence, great care must be exercised at the laboratory in the procedure 
observed in delivering, receiving, and returning evidence. A minimum number 
of persons should be permitted to handle the evidence. Indiscriminate u.se of 
messeno-ers should bv all means be avoided. The procedure that should be used 
is included in the following steps: 


(a) The detective in charge of the case, or the arresting oHicer will bring the 
evidence to the laboratory, together with a typewritten request for an examina- 
tion. This application should include the following information: 

1. Precinct and Arrest Number 

2. Officer’s Name, Shield Number, and Command 

3. Defendant’s Name and Address 

4. Crime or Charge 

5. Details of Crime 

6. Place, Date, and Time of Occurrence 

7. Name and Address of Injured Party or Deceased 

8. Complainant 

9. Date of Arrest 

10. Description of Evidence and Probable Nature of Sample 

11. Kind and Purpose of Examination Desired 


(b) The receiving clerk will require the detective to have all articles of 
evidence properly sealed and labeled with identifying marks or signature. He 
will then enter the above information in a receiving book. All entries of evidence 
will be made chronologically in the receiving book and consecutively numbered. 
The number will be inscribed on the wrapper in which the article of evidence is 
received. A receiving sheet will then be filled out. This will contain in addition 
to the information on the request form, the following data: 

1. Laboratory Number 

2. Name of Person Delivering the Evidence 

3. Date and Time of Receipt of Evidence 

4. Officer Receiving Evidence 

5. The Amount, Kind, and Description of Articles or Substance 

6. How Packed 
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7. How Sealed 

8 Identification Marks 

9. Nature of Examination or Analysis 

, r A rf- ^<5 nlaced in the evidence room. The evidence 
:.Uh'.h..ves^as.*ned approp™..,. .o .he various police 

precincts or divisions from which assigned to the case and is then per- 

,d) A mensber of -he >abora,cuy . 0 „ „„p,erio„ of ihe 

mitted to remove the object findings for the arresting 

examination or analysis he -ill P-pare a ° ^ the 

officer or detective in charge of the case, n p 

evidence in the evidence room. to 

evsbeL. «= .. si.„ *0 ceceiviu, 

book on receipt of his evidence. laboratory go to the scene of a crime 

a„d bring" S:i\":oTre.:.ivcs. a s«ar pcocedure sbouM b. foUosvcd. 

P^KSOKNEl OP A POUCH ^ 

The number of P'""™ ,he laboratory should have a broad 

scientific background, ® whether the laboratory can be of 

detective work. He shouid be laboratory is large enough to conduct 

:r cTtlTdr— capable of suggesting lines of in.ni., assigning 

problems, and guiding the r«earch_ nationwide examina- 

In this country at least director of the Laboratory. One 

tions for positions that migh eligibility requirements three 

examination,* which demanded as^P eight-hour practical 

years’ experience m a crim j ^d -one -half-hour written examinatio 

!^tten examination of four hours (^0 P- cem) ^ 

based on the candidate s "d^eation a d P ^^^bly represent the limits 

nations were quite different m s ope and th ^^p 

between which suitable ..iewpoint of the examiners by insisting that 

tunate to continue the hmite ^^P ^ laboratory Certainly, 

•n laboratories of large cities o”- cs,^a phys 4 

A clerk-stenographer should b § telephone, and type th 

and release evidence, care for the hi 
laboratory reports. 

. For Los Angeles County. 

+ For The State of Minnesota. 
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The members of the laboratory may, in some cases, be selected from arnong 

the members of the force (detectives or patrolmen). A col cge cgrc 
^aioT^ sc nee is, of course, a prerequisite. Members of the force who are 

3dL for the ’laboratory should be selected by special e— 
pared by the director. In order to provide a proper background of field work, a 
Lmber of the force should be required to have completed about one year o 

police work. After selection, the candidate should be assigned ^ 

to a detective squad, so that he may acquire a good understanding of the 

detective’s problems, and gain experience m testifying m court. 

If as will frequently be the case, it is necessary to employ individuals directly 

from civilian life, the general procedure of civil service examinations or 
ment by the police commis.sioner or other authority will probably prevail. In 
these cases the director of the laboratory should, of course, be consulted regard- 
ing the duties of the position, the requirements that should be set, the type o 
questions and examination which should be given, and any other suggestions 

that he may have regarding filling the position should be sought. 

Among the laboratory personnel one of the most important members is the 
chemist. It will be found that a large number of laboratory cases require chem- 
ical analyses, some of which may be quite difficult. The chemist should, i 
possible, have done some graduate work in chemistry. This is desirable because 
expert testimony, in important cases, may be challenged and countered with 
experts for the defendant. A chemist who has not gone beyond the first courses 
will sometimes find himself out of his depth among more thoroughly trained 


experts. 

A physicist should be included in the staff, although in a small laboratory 
the chemist may easily serve in both capacities because of the elementary nature 
of most of the physical problems which occur. Firearms identification, x-ray 
examinations, scientific photography, and photomicrography offer the most 
common opportunities for a physicist in a crime laboratory. 

The examination of fiber, hair, wood, plants, and similar materials requires 
the services of a biologist with good knowledge of botany. The biologist should 
undertake a thorough study of common plants and soil in the local area. It will 
be found occasionally that a criminal will have adhering to some part of his 
clothing, seeds, soil, pollen, or some other trace which may associate him with 
the scene of the crime. 

Next to chemical analyses in frequency are cases of questioned documents 
involving handwriting and typewriting comparisons, detection of forgeries, and 
restoration of obliterated writing. In a large laboratory one man may be required 
to devote his time to this study exclusively. A fair scientific background with a 
major in chemistry is a good starting point in beginning this study. Months of 
experience, however, are needed to achieve the status of expert. 

Apprentices should be assigned to the elementary, routine work of the 
laboratory. A considerable amount of ordinary photographic work will be neces- 
sary. This work, together with the care of photographic solutions and equip- 
ment, should be performed by an apprentice. Where a member of the laboratory 
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does not desire to conduct research work and is without special quaMcations, he 
should be assigned to this and other routine work permanendy. In th^ manner it 
may be possible to allocate the work on the basis of competence and expenence 
so that Ae most qualified members of the group wiU be devoting thw time to 
research problems and not doing the laboratory chores which all too frequendy 

are added to their professional burdens. 

5 WORKING CONDITIONS 

In a large city, the number of men assigned to the labomtory should be 

sufficient to enable the laboratory to remain open ^irn^ day a^ mght, 

Ways and holidays. Certain members of the staff should be assigned exclu- 
Lelv to day work; for example, the handwriting expert should mamtam reg^ 
Xe Lrs since detectives and investigators from outside agencies i^ally wish 
“it with him concerning their cases. SimUarly, a chemist should be pr^^ 

A Z the dav because liquors, narcotics, and other evidence requirmg chemical 

mfnation Ire usually submitted during the daydme. In addition, two mvesn- 
exammation d to the scene of a crime when so requested 

gators should be t investigation. If the volume of work 

s - 

t. f • I The value of foot impressions, fingerpnnts, stains, and oth 

may be ireemevably lo.. if *ere b . delay ol^n « fUteea horns 

perishable clues may groupmg bes m 

before the exammati . available. A skeleton staff, then, of two persons 

obtaining a fresh s^p , afternoon until nine the next morning, 

should be on duty ^ ^ of a crime; receive evidence at the 

previously suhmib^; msd, if possible. 

^”e search pmjeeb » whieh d,ey may be assigned. 

6. RESEAKCH I atoiv b not fulfilled merely by routine applica- 

The function of a po i cases A constant search for new meth- 

tion of tried and ® f^tained A difficult case should be looked upon 

ods and •'■“^.^^rt^ent .1 teehni<,u. or die .ddening of 

as a challenge to be met by th P die source of progress m any 

theoretical knowledge. e sp laboratory is especiaUy fertile m 

laboratory, and it be fou ^ ^ ^ ^ laboratory that qualified 

"““■^Tt^^-^ue. research in ntme field designated by dte direemr 

OT chosen by the individual with assigned to members of the 

fJTdlrXIi purposes to maintain a collection of inks, auto 
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lenses, rope and cord samples, textiles, tire sections, hair slides, paper, type- 
writing specimens, and other objects. The establishment and maintenance of 

each file should be the responsibility of one man. 
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CHAPTER 2 


laboratory 

E 0 UIPMENT 


1. SIZE OF LABORATORY 

The size of a poUce laboratory and the extent to which it is equipped 
naturally depend upon the size of the community which U serves and crme 

conditions in that area. The size of the community is considered here rrfer- 

ence to both population and area. In some states the laboratory serves the whole 
Itate - coun^ cities, and towns. Where the distances are too great, v^its by 
laboratory personnel to the scene of the crime will be found mconvenient u^« 
transpormdon by air is possible. The evidence in these c^es is sent to lh 
laborLory which is usually located in the capitol or some other large city. It is 
possible for a number of smaller communities to pool their resources and talen 

L this matter and establish the equivalent of a laboratory of a large city. 

^ be specific in our treatment of this topic we shall discuss first the plan ^d 
lo DC spec be found that the equipment 

STSbe^d hL^is ^rather more elaborate than that of the usual police laboratory. 

wiU de«:,ibe a smaller laboratory. Tbe equ.pmeor. however. 


CHEMISTRY 


records 

AND 

evidence 

ROOM 


reception room 1 X-RAY 


OFFICE 

LIBRARY 


ULTRAVIOLET 

SPECTROGRAPHY 


fingerprints 

etching 

CASTING 

maintenance 


photography 
microscopy 
firearms work 
handwriting 


dark room 


Fi*. 1. Plan for a poUce laboratory in a large city. 

to 
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LABORATORY EQUIPMENT 

is not the essential part of any laboratory. The minimum requirements of a police 
laboratory are fairly simple; the maximum requirements are unpredictable, 
since the ramifications of a scientific police investigation may reach out to any 
field of science and include its most modern techniques. 

2. A LABORATORY FOR A LARGE CITY 

The plan of a representative laboratory is shown in Fig. 1. The purpose of 
each room is given below together with the equipment it contains and a brief 

description of its use. 

Evidence and Record Room 

In this room the evidence is stored during the time it is the subject of a 
laboratory investigation, A record is maintained of the date of delivery of the 
evidence to the laboratory, the persons permitted to examine it, and the date 
of delivery to the officer who first submitted it. The evidence room is lined with 
shelves on which are inscribed the numbers of the police divisions and precincts. 



Fig. 2. Chemistry room. New York Laboratory. 


Evidence is placed on the shelf bearing the number of the command from which 
the case originates. No unauthorized persons or visitors are permitted to enter 
this room. Laboratory records may also be kept in this room. 

Chemical Room 

This room contains the usual services and equipment of a chemical labora- 
tory such as laboratory tables, balances, hood, drying oven, gas analyzer, 
centrifuge, etc. For detection of the presence of small quantities of carbon 
monoxide a special indicating apparatus is used. This instrument is portable 
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l„d can be uien ,o d>. scene. A large retrigera.or la used to, a.oring blood 
*„„ples, known sera, intra-red Hn,, and peruhable ev.denee, 

Fineerprint and Physical Work Room 

A laboraiory n.„s. have t.cUU.e, 

special apparatus and auxUiary is found suitable also 

SirchTolt casting, polishing, and etching. The 

following such equipment is contained here . 


Fingerprint work bench with 
soapstone top. Iodine fuming ap- 
paratus. White, black, aluminum, 
fluorescent, and other fingerprmt 
powders. 

Palm print apparatus 

Casting materials, double boilers, - 

frames, brushes 

Work table with burners, small 

gas stove, water bath 

Etching solutions, grinding and 

polishing apparatus 
Footprint apparatus 

Vacuum cleaner, tube, and acces- 
sories 

Electromagnetic retrieving arm, 
permanent alnico magnets 


Platform balance 


Latent fingerprints are developed 
here using powders, brushes, 
sprayers, iodine, and sUver ni- 
trate. 

For taking palm or similar prints 
For plaster casts and moulage 

work 

For casting and other work 

- For restoring deleted numbers on 
guns and other metal objects 

- For measuring foot line, step 
length, and angle 

- For the extraction of dust in the 
examination of garments and 
similar objects 

- For the recovery of metal objects 
weighing about 10 pounds, such as 
firearms thrown into sewers, lakes, 
or other inaccessible positions 

_ For weighing objects; prepanng 
photographic solutions 


objec„ for 

darkened is preferable, since processe J ^ the prints without 

night, and the presence of ® mercuric chloride, running water, 

the operator’s " and’ wires suspended over the sink are 

trays, rubber gloves, wooden chps, and 

sufficient equipment for this section 
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Document Section 

This equipment (Fig. 3) is used for the general examination of documents. 
Handwriting and typewriting comparisons, examinations of forgeries and 
erasures, investigations of age and character of paper or ink are conducted 
here. The following equipment is employed: 

Low-power binocular microscope — To examine overwriting, erasures, 

crossed lines, etc. 

Parallel beam lamp — This lamp is used to project a 

parallel beam of light across a 
paper in order to illuminate ob- 
liquely indented writing and doc- 
uments bearing erasures. 



Fig. 3. Document and Microscope rooms, New York Laboratory. 


Instruments, glasses, scales, and 
other devdees 

Chemical reagents 
Collection of inks 


For the examination of questioned 
documents, graphometrical com- 
parison of handwriting, measuring 
of thickness, size, and weight of 
paper, etc. 

Solutions for detecting and restor- 
ing erased writing 

For reference purposes in com- 
parisons and other work 


Microscopy and Firearms Identification Section 

This room contains a number of standard optical instruments for physical 
examinations. The microscopes which are in the document section are also used 
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needed. lUuminants, balances, and measuring 


devices are 


found in this 


room. 

Chemical microscope 
Polarizing microscope 

Microscope measuring devices 
Comparison microscope 

Abb6 refractometer 

Specific gravity balance and 
Mohr-Westphal balance 

Thread counter 

Standard sieves 

Microtome 

Microprojection apparatus 
Microscope accessories 
Color comparator 


Capable of magnification up to 
about 400X 

Another standard microscope 
equipped with polarizing prisms. 

This is used for petrographic 

exeuninations. 

Micrometer eyepieces and stage 
scales for fine measurements with 
the microscope 

This is a microscope equipped 
with two objectives and one eye- 
piece permitting simultaneous ex- 
amination of the evidence and 
test (or known) specimens. ^ 

- For determining refractive indices 

of liquids and solids 

- For quantitative work and for de- 
termining the specific gravity of 

liquids 

_ For making thread counts in com- 
parison of specimens of cloth 

- A series of sieves of varying size for 
determining the average size md 
distribution of certain particles. 
Also for separating gravel and 
cimUar substances in earth exam- 

inations 

_ An instrument for makmg very 
fine sections of specimens such as 
hair, where it is desirable to cut 
without tearing or otherwise dis- 
torting the cross-sectional shape 

— For projection of the microscope 

field on a screen 

— Illununants; vertical illummator; 
dark field condensers, etc. 

_ For determining concentrations ol 

colored solutions 


Photographic Section 

Commercial view camera, 8 by 10 


For Standard Studio work ^ copy 

ing, cnlar^g, and reduemg 
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Gontax or Leica type 35 mm 
camera 

Speed Graphic type 4 by 5 camera 

Auxiliary Gontax or Leica type 
camera equipment 

Photomicrographic camera 

Illuminants 

Stereoscopic camera and viewer 


Stereoscopic attachment for Gon- 
tax or Leica type camera 
Auxiliary lenses for 4 by 5 Speed 
Graphic 
Light meter 

Filters 


Draftsman’s drawing table and 
accessories 


With 50 mm and 35 mm lenses 

This camera and the 35 mm type 
are convenient to use in investiga- 
tions at the scene of a crime. 
Gopying stand with attachments 
for low-power photomicrography ; 
adapter for use of camera with 
microscope, etc. 

With a Micro-Tessar lens for low 
power and usual arrangement for 
high power 

Flood lamps for ordinary photo- 
graphic work; special illuminants 
for photomicrography 
For three-dimensional photo- 
graphs of small objects and also 
for low-power photomicrography 
in three dimensions 
For three-dimensional photo- 
graphs of the scene of a crime 
Telephoto and wide-angle lenses 

For measuring illumination, and 
estimating exposure time, J/ num- 
ber, etc. 

For photography in visible, infra- 
red, and ultraviolet spectral re- 
gions; polarizing screens for elimi- 
nation of unwanted reflections 
For sketches and drawings of the 
scene of a crime and articles of 
evidence 


Developing Section 

Developing and fixing tanks — Varying in size to hold negatives 

of different sizes 

— Air blower and heater for rapid 
drying 

— A fixed -focus camera for making a 

one-to-one copy of a questioned 
document, fingerprints, or other 
paper where reproduction to exact 
size is required 


Negative dryer 
Gopying camera 
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Printing Section 
Contact printer 


Enlarsjers 


Print drs^er 


Mounting press 

Stock solutions, trays, sink, etc 


This should be large enough to 
handle up to 12-inch by 15 -inch 

prints. 

These should be capable of en- 
larging 35 mm film and cut film, 
8 bv 10 being the largest size 
which, ordinarily, it is desired to 

enlarge. 

Gas-heated roller t\'pe for quick 
dr^'ing of prints 

For mounting photographs which 
are to be used as court exhibits 
For processing prints 



1 




York Laboratory. 

Fig. 4, Spectrograph room, i or 


, j ^r>ectroeraph Roorn (Fig- 4) 

Ultraviolet, ^ for ultraviolet examinations. Since the x-ray 

Another the walls of the room are lead lined. 

unit is also contained ’ ^ ultraviolet examinations 

Ultraviolet lamp ^vhere fluorescence in the visible 
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Fig. 5. Reference collection of wood samples. 



Fig. 6. Reference collection of cord samples.* 



A collection of characteristic knots. 
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X-ray units 


Spectrograph, wave length mi 
crometer, etc. 


TO CRIMINALISTICS 

reerion is expected. This lamp is in 
daily use for document examina- 
tions, stains, etc. It should be 
equipped with filters for photog- 
raphy in the true ultraviolet 

region. 

— For examining an object which, it 
is suspected, contains a hidden 
bomb. Loaded dice, defective 
mechanisms, and other material 
are also examined by means of 

x-rays. 

For the spectrochemical analysis 

of clue materials 



Fig. 


8 A case in which the identificarion of a knot offered a “lead.” 


TrLZZpply of expendable chemicals, apparatus and other material is 

kept in this room. - 

^ _ \n appropriate supply of neces 

sary chemicals for standard pro- 
cedures, research, etc 
— For making casts of impressions by 
moulage, plaster, or plasticine 
- Pan, ortho, process, and infra-red 
film of various sizes ; papers ; lan- 
tern slides and positive film ; flash 

bulbs and photofloods 
— Measuring instruments, levels, 
protractors, cathetometer, sp e 
rometer, etc. 


Organic and inorganic chemicals 
Casting and molding material 

Photographic materials 


Miscellaneous instruments 
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Auto lens collection 

Auto tire collection 

Wood, cord, and string collection — 
(Figs. 5, 6, 7, 8) 


For identifying broken headlight 
lenses 

Tire sections for identifying tire 
impressions 

For comparison and identification 
of similar materials 



3. A LABORATORY FOR SMALLER COMMUNITIES 

The functions of a police laboratory can readily be fulfilled in a much 
smaUer space and with considerably less equipment when the community 
served is relatively small or the crime rate is very low. Some cities limit the 
laboratory work to firearms identification, handwriting and other document 
examinations, fingerprint development, and routine photographic work. The 
nature of this work does not require employment of a person of extensive scien- 
tific training. Stricdy speaking, however, such an establishment is not a police 
Laboratory in the fullest sense. The forensic chemist is indispensable in crim- 
inalistics work. For this reason there will be included in the following plan all 
the essentials of the lai^e laboratory without some of its conveniences and many 
of its less frequently used resources. Two rooms will suffice for the work. 


Room 1 

This room should be quite 
chemical and physical analyses 
as follows : 


since it is to be the general work room for 
The various sections of the room will be used 



(a) CHEMICAL LABORATORT SECTION. This will occupy about one- 
thir d of the room and will be equipped with the necessary apparatus and chem- 
icals. (No listing of these is necessary, since any competent chemist will be aware 
of the requirements in equipment.) In addition, the following equipment can be 
placed here: 


1- A chemical microscope, with micrometer eyepiece, and illuminant 

2. A small refirigerator for sera, blood samples, and perishable evidence 

3. Small centrifuge 

4. Chemical balance 

5. Iodine fuming apparatus 


(b) PHYSICAL WORK SECTION. A workbench and a vise should be in 
t h is section. Cabinets or drawers should be available containing the following 
equipment: 

1. Set of tools 

- 2. Measuring devices such as rulers, measuring tape, vernier and microm- 
eter calipers 

3. Fingerprint development equipment which wUl include assorted powders, 
dusters, lifting tape, and silver nitrate solution 



^ IXTRODUCTION to CRIMINA^-ISTICS 

4. Casting materials ^vhich will include plaster of Paris, modeling clay, 
positive and negative moulage material 

fcl DOCUMENT EXAMINATION SECTION. A large desk should be set 

aside for this work. The following instruments should suffice; 

1. Low -power binocular microscope 

2. Hand magnifier ^ . 

3. Protractors, scales, and other measuring decices 

(d) FIREARMS IDENTIFICATION SECTION. 

1. Comparison microscope 

(e) PHOTOGRAPHY SECTION. 

an 8 by 10 camera, such as a commercial Me^^ camera, in 

auxiliary equipment is needed ; 

2. ^ "Uh me 

above 35 mm type camera 

3. Filters, light meter, and floodlights 

also for ultraviolet examinations. The tollosMng q H 

1. A Urge sink, phoiographic .rays, ranks, and s.ock snlunons 

2. a\ contact printer 

D^dntme'c'hanism such as gas-hea.ed roller or ferrotype .Us 
5. small ultraviolet lamp 

general references 

U r.11 T T Modern Criminal Iniestigation, rev. ea., r 

Soderman, H., and O Connell, J. 

^Va?nalls, New York, 194o, Chap. - - ^ ^ ^ ^ ^ 945 . 

Review of New .Analytical Instruments, 

1-21, Sept. 1945 Co., Rochester. N. Y. 

InJruments Jot Cnme D,ln ion - ■ ^ 944 . 

-Scientiftc Laboratory, B. C. /. Bull. ■ 



CHAPTER 3 


THE MOBILE 
LABORATORY UNIT 


( # 1 M 


1. NECESsmr FOR mobufty 

It has already been suggested that one of the most important functions of tb 
cruninalisdcian is die examination of the scene of the crime tor physical evidence 
After any sorious crime such as murder, robbery, or buig;lary, the nature o 
which is such that traces of the oiminals may reasonably be expected to b 
present, the scene should be guarded and the laboratory summoned. Tht 
detective without laboratory tnuning b fiequently unaware of many possibli 
traces. He is often ignorant of the significance of seemingly unimportant details 
In ad d itinn, his slight knowledge of the handling and preservation of evideno 
may lewd to serious errors. 

At the scene of the crime the laboratory investigator will often be requirei 
iaifi» quick judgments. For extunpl^ his opmion will be requested ooncemini 
the pombfiity of certain stains bdli^ blood or semen. These tentative decision 
ace necessary to the wmit of the local detectives who are in charge of the cas e 
Frequendy they are conftonted with carcumtteioes which would permit suspi 
eimi to £all upon a number of penons. The eliminative aqiect of the laboratory* 
work in dhese chcumstances is of great value. In addition to su^esting the pos 

ttm* may ariwi from die first exanriaarion of the evidenee, the iaborator 

man must decide what evidence tiiould be removed to the office for ftirdier stud) 
wnd what method should be used for its preservation. 

It is necessary, then, that a laboratory be equipped with fiKilities for makin 
preliminary analyses and then collecting and preserving the evidence at th 
seme; hmee it must possess a mobile unit. This unit need not be as pretentioc 
as die teem would seem to imply. The extent to which the unit is equipped wi 
depend upon the budgetary resources and the sixe at die area in w^h th 
laboratory opmstes. For a onaB cammuntty a passenger car, emnera, an 
fotdUigeady plarmed kft will su0&x. For a <aty the popuhdion of wfakh ex c e ed 
SSQOfOOO, a track wkh more daboram equi^pment udU be mere Stat 

poRee require fiirilities fin- nunc extendve analyses at the scene, since in som 
cases ffiey may be more than a hnndted miles Srom dieir laboratory. We ■*»» 

trem first the small emnmunity, then the large dry, and finally « fnr 

Zt 
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ing laborator>' serN iccs to cover 
province, will lx* developed. 


geographically large areas, such as a state or 


2. EQUIPMENT FOR THE SMALL UNIT 
(a) PHOTOGRAPHIC EQl'IPME.\T 


1 . Uraflex or Sper-d Graphic rype 4 by 5 camera wi.h a 

capable of one-to-one photoeraphs; medium- and w, de-angle leme,. 

tripod 



V 


sr;® q. Set of tools for the mobile unit 


2 . 

3. 

4. 


1 


mm type camera with accessories for magniheations, such as 1 : 

for ^ 35 „iil suffice for thU purpose also) 

'""'’r„arTous regions of the visible and infra-red spectrum; 


Pola-Screens 

5. Film: pan, ortho, process, and infra-red 

6. Photofloods; flash bulbs; flash gun 

7. Flood lamps for outdoor e.xammations at night 

8. Light meter 

9. Ruler or scale 


THE MOBILE LABORATORY UNIT 


23 


(c) 


(b) FINGERPRINT KIT 

1. Fingerprint camera (the 35 mm camera may also be used here) 

2. Fingerprint powders: black, white, aluminuin, and fluorescent 

3. Brushes, sprayers, and iodine fumer for developing prints 

4. Lifting tape 

5. Roller, ink pad, and paper for taking prints of suspects 

(c) BLOOD-TESTING KIT 

1. Benzidine hydrochloride, glacial acetic acid, hydrogen peroxide 
normal saline solution, filter paper, blood sta in s dried on filter papei 

2. Pillboxes, screw-top bottles, test tubes and stoppers for preservini 
samples of evidence 

3. Dissecting kit containing scalpel, forceps, tweezers, scissors, needles 
probes, and spatulas 

4. Medicine droppers, microscope slides, litmus paper'' 

5. Labels, rubber bands, paper clips, pins 

6. Rubber gloves 




Krrm^ 






, TTf 
A' 



cutters. 





elution 


Steve 


(f) MISCELLANEOUS 

1. Tl^ermometers covering range firom 
Z. Rider, measuring tape, vernier and i 
3. H^d m;^[rifiers and dental mirrors 


4- 

5. 

6. 


-30 F to 350 F 
Icrometer calipers 


Flariilights, including a portable 6-volt storage battery 
Boxes of assorted sizes for transporting evidence 
Selection of organic solvents 




Uight 


3. EQUIPMENT FOR THE lARGE UNIT 

A mobile unit designed for a large city should be c ontaiTwed fii a medium 
trusk 0ig. the fixnitof tmdc, direcdy bcWad the cab, a smal 

udth a ^ding lig^lprpof door. In badk of the dark 

9id^ Wth shelyes^^ f^ appa 

chukroom and the rear ccgnpartment an 
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^^TT^vith three separate sections containing developer, 

A heater tor the tank in cold weather should also be installed, 
(b) A small cabinet to contain the following : 

1 . Interv^al timer 

2. Tank thermometer 

3. Photofiash and photoflood lamps 

4. Film holders, various sizes 

5. Film hangers, various sizes _an F to 350 F 

6. Thermometers to cover a range from 

7. 14 by 17 x-ray film 

8 . Film (4 by 5) ; pan, ortho, process, an m ra-re 



Fig. 10. Mobile unit of the New York Laboratory. 

. 2 i by film: pan, ortho, and process (for fingerprints) 
■C-rav rack: 


(c) X-ray rack: 

1 . 1 4 by 1 7 film hangers 

2 X-ray high-speed cassettes 

3 14 by 17 nonscreen holders 


Compartments 


(d) 1. 


for retrieving 

Electromagnetic --vlng a^ ana aimcu 

metal objects from maccessib p . V ,5 

in retrieving guns from water, hence a long leng 

needed. 


2. Storage battery for the above. 
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(e) 1 


(0 1 
2 

(g) 

(h) * 

( 0 * 
G) 1 
2 
3, 

Ck) 1, 
2 


a ) 


(m) 


. Speed Graphic type camera (4 by 5), tnpod, medium- ana wiae 
angle lenses. 

Film holders, synchronizer, aters, Pola-Screen and other accessories 
Leica, Gontax or Kodak 35 mm type camera. 

, 110-volt floodlights 

. Portable 6-volt storage battery floodlight 
Portable ultraviolet lamp — for examining steiins, documents, etc. 

Fingerprint kit 
Blood-testing kit 
85-kilovolt x-ray unit 
2 lead-lined aprons, 4 lead-lined gloves 
Fluoroscope screen 
♦Plaster casting kit 

Positive and negative rrioulage materials, modeling clay, foot castin} 
form, face casting form, large pots 
Electric hot plate 

General supplies — fingerprint powders, specimen bottles, rouni 
pillboxes, oblong specimen boxes, tongue depressors, iodine fiuninj 
apparatus, rubber gloves, test tubes, test tube rack, dropper bottles 
litmus paper, medicine droppers, filter paper, glass filters, assorte< 
sizes of env^opes, gummed labels, selection of organic solvents, etc. 
CSomplete set of tools 





■Hatchet 

saws 

Harksa^ atnd blades 

Scresw drivers - — various sizes 

• ; . ! • 

PliGCS and GUfters 







WocKlcdmeils 




V 









(n)' t. iiO-volt, generator 


Wood bits 
DriU 

Steel drills (Nos. 1-^0) 
Wrenches — assorted sizes and 
types 
Qrowbar 
Files 

Woodworking plane 
Pocket knife 

supplyixig power to x-ray units, floi 






V.-V 



extt^Qsion line £p(r g^erator 





r •,<*v : 

v; 







mmcom 




c. 






LS^pnfierSj 


4 .. 


(q) 

(r) 

(s) 









Compass 

Voltmeter, ammeter, and ohmmeter 

Folding ruler (6 ft), measuring tape (100 ft), vernier and micromete 
calipers 


* A& described for tiie smaller unit. 
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Fig* Left side of the interior of the vehicle shown in Fig. 10. (Designed by Act. 

Capt. Edward F. Fagan, Co mm anding Officer, Police Laboratory, New York Police De- 
partment.) 


27 





>8 


AN INTRODUCTION TO CRIMINALISTICS 

4 . AIRBORNE UNIT FOR LARGE TERRITORIES 


The field units thus far described have definite limitations in the extent o 
icrntorv ivhich thev can effectively cover. A fifty-mile radius would seem to be 
he practical limit of coverage for these mobile field laboratories. Beyond this 
.anrih^time consumed in traveling would prohibit effective use of the person- 
nel and would permit perishable evidence to lose its value; moreover, the prob- 
o detcctincr the criminal by means of physical clues decreases rapidly 
palt of the" firs, few precious hour, when ,he .rail is warm and the cul- 

’’"'(iro'nS with .hi, problem of distance, state laboratories have in the main 
Controntea t u y forward the evidence by mail or to send it 

relied upon the loc P by no means a happy one since 

by ' ^35^3 U- upon untrained personnel to evaluate physical 

the a ' the manner of collecting and presertfing samples. It is 

S; more satisfactory to have members of the laboratory go to the scene and do 
rbcr own transport the criminalisti. 

ciaitt;zre:d:.o-‘sc™^ 

of "«f „ some case,, making simple 

“r;es.'Sri “htde ,nenio„ of „mabr.h, - t^s P-J- - 

of obtaining personnel capable of 

piloting planes for this Purpose. suitable plane for this work, since 

The helicopter '™''“ PethaP advantage of 

it eliminates the need fo ^ terrain in searches and outdoor investiga- 

u" ‘a oU::d long stretches of foot impressions or tire 

impressions can be readily followed. similar in most 

The equipment tor this ,bies. It should, however, 

respects to that ol the mobih > chemical analyses, blood tests, semen 

be more elaborately cquippt should be done at the scene. The plane, 

examinations, and other simp c . , ,• foe the large unit and in addition 

^ Tu::l' examinations: 

m, Senren - Sbetoscope and accessor, es such as Uiuminant. glass shdes. 
cover glasses, and staining solutions 

(b) Blood - Precipitin tests: required. (If the region to 

Known aniihuman and an w - r.,iiar anii sera of animals that 

coveted is one in which hmnmg .s P»P^^»;';;;‘ “ helpful 1. 

inhabU the region should also be carrted- Expertenc 

(jclcrminin" these.) 

(i:;::::::,,'::;; a »»> b- - 
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X^dbox unit In order to preserve the known sera and blood cells as 
wel} as to prevent deterioration of any blood that it may be necessary to 
remove from the scene to the laboratory, some provision must be made 


for transportation of thrae materials at cool temperatures. A small metal 
insulated container with a special compartment for ice may be used for 
this purpose. The sera, blood cells, and evidence should be packed inside 
t-hiH container with cotton to absorb shock and mechanical strains. A 


^ vacuum jug may be filled with ice which may be used to replace the ice 



in the evidence container when necessary* 
Carbon monoxide detectors 
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CHAPTER 4 

THE CARE OF EVIDENCE; 
ITS PRESERVATION AND 

transportation 


The value of evidence .n he ruld" o:r Se 

in observing the simple rules scien appearance as a court 

journey of physical described as follows; (1) discovery of 

exhibit. The steps in this pr J cam nle^- 1 S') packins the evidence; 

the evidence; (2) (sflaboratory examination ; (6) custody pend- 

(4) transportation to laborat ry A ) At present we shall 

ing trial; (3) and (4) - collecting, packing, and transporta- 

tion. Whenever practical, this work should be donejy^^ 

several reasons : their experience can ^ qualified to 

.nee -ch of 1.. 

1 general PRINCIPLES 

Frequend, .he uek »' Xn. 

member of the laboratory , e mus e because of the 

police officers because of the distan safeeuarding of the evidence until 

great difficulties that would be involved for general guidance: 

L arrival. The following principles are given, then, gen 


Sufficiency of Sample ^^llertinff 

It cannot be too strongly emphasized that the ^eat 
evidence is that of insufficiency of This may in part 

police officers are i^'^bned to be J analytical instruments 

the side of generosity. 
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SI 


Incliiaioil of Standard or Known Sample 

If the evidence in question is found in the presence of a foreign ^bstance, 
a sample of die foreign substance, also, should be taken; for example, if a blood- 
stain is found on linoleum, a sample of the unstained linoleum should also be 
submitted with the stained linoleum. In selecting the standard sample for future 
comparison purposes, care must be taken to include all materials from the scene 
which are likely to be found in the possession of or on the person of a suspect. 

Afaintenanice of Individuality 

Each bit of evidence must be collected and preserved as a separate sample . 
Tliere must be no mixing or intermingling of unknown with known. For ex- 
ample, the glass found at the scene of a hit-and-run must not be placed in the 
same envelope as the glass taken from the automobile. 

Labeling 

To preserve the continuity and identity of the evidence, each sample should 
be labeled. Small fragments should be enclosed in specimen boxes; the boxes 
are then sealed with paper labels on which is written information concerning 
the nature and source of the sample, date and time of collecting, the case num- 
ber, and the signature of the person who placed it in the box. Larger pieces can 
be enclosed in suitable envelopes which can be sealed. Tags should be available 
for pieces which are too lai^ for envelopes. An identifying mark should be 
inscribed on large articles of evidence for later identification in court. An 
excellent device that may be used advant^eously to mark evidence for identi- 
fication is an electrically operated tool that vibrates at about 120 strokes per 
second. The tip of the needle of this tool permanently engraves identification 
marks on metals, wood, glass, plastics, and other hard objects. In the laboratory 
it is helpful in labeling microscopic slides, beakers, etc. 

2. CX>LLECmNG AND PACKING 

Hie fundamental desiderata in collecting samples are sufficiency and purity 

of specimen and standard. In packing, the aim is to preserve the purity and 

'original integrity of the samples. It will be assumed here that all instruments, 

bottles, slides^ test tubes, envelopes, and pillboxes arc clean. The slightest 

ffimbt in this matter should be dispelled by careful washing or by using another 
container. 

The following specific procedures are recommended for the icspective types 
^evidence; 









ArficlK Bearing Fingerprints 

Weapons and Tools — Knives, guns, tools, and s imilar weapons can be 
toaboard by means of strings. Plyboard or wood with many perforations 
string will serve tiie purpose. can be placed in some of the perfora- 
tb fiirther secure the object. The t^ard should then be placed in a special 
ia which it fits snugly. 
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Glass Pieces — Glass plates, thin marble and stone slabs, thin metal pieces, 
and other heavy objects of a similar shape can also be placed on a perforated 
board and secured by means of thin copper wire passing through the perforations 
and over the object. Another plyboard may be placed over the object and as- 

tened by means of studding. Another scheme is to bend a number of smaU strips 

of hea \7 cardboard over the edges of the ob- 
ject and then cover the object on both sides by 
means of two pieces of plyboard. Fasten the 

boards by means of studding. 

Bottles, Glasses, Vases, etc. — These can be 
safeguarded by means of small wooden crates 
buUt for the individual object. Figure 12 is an 
example of such a construction. A simple crate 
can be built in the following manner ; (a) trace 
out the periphery of the top and bottom of the 
object on two boards; (b) drive nails in a num- 
ber of points on the trace ; (c) fasten the top to 

the bottom with wooden strips. 

Documents — These should be handled 
ivith xvooden clips or tongs. No unnecessary 
folding should be made; where folding is 
necessary, the fold should be made along old 
lines. Manila envelopes may be used for trans- 
portation ; it is preferable, however, to enclose 
a document in a glassine or other transparent 
envelope. Cleared photographic film may be 
used to construct suitable envelopes. The 

advantage ot .h, ,r,„,parea. holders lies in ,he taciiiiy provided for examining 

the document without handling it. 

“fTes?L‘'‘fonnd adhering to some jajtt 

ri;:-’ r«in.:; » 

hairs or fiber, rn order ,0 preserve 

,hem. They should no. be p aeed rn an ^ b„a.h. The 

.ecrion, ™X7,rpbile°Lror rber jn a filter paper, e.refully told .he 

Xe“ in duesrion d found on a *oe o » h r ^ " 

on an object « hich can be read.ly ..anspor.ed .. shouW 

Nx holc transported to the laboratory P*" ^ enclosed in a piUbox. The 

dust or soU should be placed m a filter paper and then 



Fig. 12. Frame for the protection 
of prints on bottles. 




Fig. 15. Equipment for collecting samples at the scene. 



Fig. 14. Collecting dust from clothing by means of a vacuum cleaner 
with a filter attachment. 
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manner of collecting will depend upon the nature of the sample and the place 

“here it is found. Dust on a sofa can be collected directly into = 

means of a special vacuum cleaner device (Fig. 14). So l may be collected by 

^ means of a scalpel, spatula, or spoon. 

If the dust or soil is found on 

clothing, paper should be used to 

protect the separate folds of the 

clothing and the whole enclosed in a 

box. 

Other Particles 

Metal filings, glass fragments, 
fingernail scrapings, paint chips, 
wood chips, plaster, and similar 
samples should be placed in filter 
paper and enclosed in a pillbox. 

Liquids and Greases 
Glass containers with ground glass 
stoppers should be used. 




— ^ If the stain is still in a moist con- 

Fig. 15. Marking stained are^ on a coat for remove as much seminal fluid 

•• d-c Ubor..ory. by •‘milkmg” imo a tes. 

. -OF the seminal fluid. A cork stopper 

tube. Add distilled water sufficient wju remainder of the stain is 

i, used .o prevent the fluid from betng 

permitted to dry and treated tn t e *4"’' s^^iinal fluid will have dried by the 
In the great majority of cases t e a ? seined area is apparent 

time it is ready to be transported to the^ab^ 

(a laboratory investigator will find P exercising care that the stained 

purpose) the garment or fabric may . ^ ^ interlaid between the 

folds. Unnecessary folding must avmded ^ 
by this careless method of handling. 

ThTfollowing table is 

L^LtL^L Lr-t^-bl'e to keep^ it at reduced tempera- 


tures (40 F-50 F) in an icebox or ice chest. 


YABX^ Condition of Stain 
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CHAPTER 5 


TREATMENT OF DATA 


A knowledge of the technique of measurements must form the basis of ail 
sound laboratory work — industrial, research, or criminological. It is, however, 
firequendy difficult to impress the beginner with the necessity of approaching 
even the simplest measurements in a scientific manner. When it is considered 
that the freedom of a defendant may depend upon the deductions made by a 
laboratory investigator from certain data, the science of measurement assumes a 
vital importance. For example, in a case of a motor vehicle homicide an expert 
may testify that the defendant’s car was traveling at the illegal rate of 36.85 mph. 
This presumably four-6gured accuracy may have no justification in the data. 
The correct conclusion may be that the car had been traveling at a speed 
between 30 and 40 mph. If the value of the speed attested to by the expert is 
close to the legal limit, say 35 mph, and forms the basis of the court’s decision, it 
may happen that the defendant is unjustly found guilty. A correct treatment of 
the data and presentation of the conclusions would prevent such a miscarriage of 
justice through the misuse of science. 

To avoid any misconception in a matter of such fundamental importance, an 
introductory treatment of the science of measurement is g^ven here. A knowledge 
of measurement will be found to include a method of recording and treating data 
with an appreciation of the precision of instruments and a method of judging the 
reliability of results. 

1. SIGNIFICANT FIGURES^ 

If in measuring with the meter stick, the smallest divisions of which arc 
millimeter marks, it is found that the length of an object is 46.57 cm, it is evident 
that the end of the object lies between 46.5 and 46.6 cm, and that 0.07, although 
a reasonable estimate, is a doubtful ^ure. The number 46.57 is said to have 
fijur significant figures. A number such as 0.025 cm, where the 0.005 is doubtful, 
is said to have two significant figures, since the zeros before a digit serve only to 
fix the decimal point, which in turn depends on the size of the unit chosen. 
The number of significant figures used to record a measurement is, then, the 
number of certain figures of the measurement plus the first estimated or doubtful 
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Lre • that is. .he mmber ot fi;»r« refined told b. »uch *e oncer. 

tainty in the next W h i ^ addition and subtraction, every 

to “dt^ped :*ich Mis node, an ntown digi. in any of .he quannuea 

involved. 


example 7 . 


8978 

1.421 

31.094 


9010^ = 9011 


. HH 1 to the ne-xt digit. In discarding 5 the digit wmen 
(In discarding a digit over 5 add 1 to the ne-xt gi 

is now last should be even.) sitmificant figures retained in the result 

In multiplication and dnasion the n^ , containing the least 

number of significant figures. ^ ^ 

example 2 . If the dimensions of a safe^epos.t box are 

8 53 in and 3.10 in., what is the volume? 

C a, X ,.5i X 5.10 - 2C1--K.513 - :« » »■ 

rcfincn.cn. of .hi. ruic to.hnc. in..i6e. an addi.ional signiScan, dgure. 

The refinement is the - of significant figures retained in 

In multiplication and dis ision. uncertainty in each factor will be 

each factor should be such that the pe J figures. For example, in 

no greater than that tn the w uh^ei « 

- to^^rto-'^hctilcd. Thoa. .he .odne. htoaca 

73.8 X 179 X 0.078 = 37- 

sna. ^c concctog ^ ^ ^ 

2. SOENTIFIC NOTATIO ^0 ^nd 0.0000067 should be M- 

For convenience. The decimal point U usually placed aftff 

pressed as 8.9 X 10‘ and 6.7 X 10 ■ ^ is often 

“ 3. averages or „c«orc.«„. which 

can he iwf, :cXcrThc.c - accccai hin^ of .v«ag«, 

of the location ol inc ecu 
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whidb^are suited to 
fiound to give iJbe 
mei^ The amplest 
individual n 

Thus 
wheare 


TREAlThlENT OF DAXA 

diferent purposes. Of these the arithmetic mean wiU be 

best representation of data in chemical and physical mea^- 

lod of obtaining the arithmetic mean is to add all the 
and divide by the total number of measuremenls. 


X = 

X = 
S = 
X = 
JV = 


( 1 ) 


The aiid 
The sum 


tin 


N 

arithmetic mean 
symbol indicating the 
individual measurement 
number of measurements 

he most commonly used and recognized average- 
fv.i.) about this point is zero and the sum of the 


squares of the deviations is less than that computed about any otUer pomt. me 
deouaion of a single observation is defined as the difference between that observa- 
tion and the average. Thus, the deviation for an observation Xi is given by 

*1 ^Xr-X ( 2 ) 

EXAMPLE. In the investigation of a hit-and-run accident it is found ne«xssary to 
oonvaie two sanqiks of headlight glass by means <rf dieir physic^ I^perties. The 
ftiltra min g series of obscrwatioiis is obtained in measuring the refractive index of one of 

foe samples: 132, 1.34, 1.35, 139, 1.34, 1.38, 1.33, 1.37, 1.36, 1.31. Gon^mte the arilh- 
mpgm and lint tibte deviatiems. 



X 

X 


1,32 

-0,019 


1-34 

+0.001 


1.35 

+0.011 


1.29 

-0.049 


1.34 

+0.001 


138 

+0.041 


133 

—0.009 


137 

+0.031 


1.36 

+0.021 


131 

-0.029 


1339 


x-= 

1339 



it win be noted Aat the sum ctf the deviations about the mean is equal to zoto: 


t* V 




4. NQBMAI. mSTBlBOTlONS 






to &e 
itwidia 
t tibe avcaragCL The 
At preseost it is 

a 




of a series of measurements, 

the d^pree of varia- 
GEuises and nature of these imriadons 
suffiment to say that deviations follow 
of measuremmts to a set of shots 


die target is a center verdc^ line flanked 
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bv a series of lines, each one foot apart. The distribution of the shots in the 
spaces between the lines is found to be as follows; 



SPACE 

number of 

+6 to 

-f3 

3 

+ 3 

-1-4 

14 

-1-4 

-1-3 

25 

+ 3 

-1-2 

61 

+2 

-hi 

85 

+ 1 

0 

112 

0 

-1 

102 


— 2 

90 

9 


64 

— ^ 

—4 

32 

D 

-4 

-5 

10 

-5 

-6 

1 


center vertical line. 

lt,v= plot the f “rhe“t*?k ^ ‘‘f 

r/epX? the o, Shot, u - jh" 

increased by narromnf the ° of a «,™«l prtbMUty eer«, and 

graph such a. Fig- 18- Tins cnrv, » '^'‘-oal .reatment of tabulated data 
i, typical for a chance d.strtbuMO- frequently dtstributed ae- 



eording to the eW <»»,■ l-C ->» Fr.pjh o7a large 'nuntber 

rf peo^randomly selected. ““f'h'Y'^temXre plotted with oniin.te. 

If the results of an extensive senes o measurement, and the 

70-0=1 tt == “ 
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that of Fig. 19 is obtained. This curve is called the normal curve of error. The devia- 
tions or errors appear to be subject to a law of frequency distribution which is 
simUar to that of a chance distribution. The curve possesses the following char- 
acteristics: (a) there are far more small errors than large ones; (b) positive and 

negative errors appear equally distributed. 


5. DISPERSION 

The dispersion of a set of measurements is an estimate of the extent to which 
the individual measurements are spread out from the mean. Thus, in Fig. 20 

where the curves of two sets of 
measurements with the same mean 
are plotted, it is seen that in curve a 
the measurements cluster about the 
mean; whereas in curve b they are 
spread out a good deal more. The 
dispersion of curve b is greater than 
that of fl. Hence we would say that 
the mean of curve a is more repre- 
sentative than that of b. 

Several quantitative measures of 
dispersion are in common use. For 
many purposes the standard deviation 
a is satisfactory. This is defined as foUows : 



Fig. 20. Curves for two sets of data, indicat- 
ing different dispersions. 



(3) 


where x is a deviation from the mean, and N is the total number of measure- 
ments. (Short cuts can be employed for the calculations of X and a?' 

The standard deviation is affected by every measurement in the group and is 
sensitive to extreme values. It is a good measure of consistency, a large value of a 
indicating considerable scatter about the average (as in curve 6, Fig. 20). When 

that the average is a 

typical value. 

EXAMPLE. Calculate the standard deviation for the data given in the preceding 
example. 

Since 

= (0.019)* + (0.001)* + (0.011)* + (0.049)* + (0.001)* -j- (0.041)* + (0.009)* 

+ (0.031)* + (0.021)* + (0.029)* = 6.89 X lO"*, 

and 

10 , 

we have 


very large values of a are obtained, it is questionable 




6.89 X 10-» 


0.026. 


10 
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A„alyrically the normal curvy of error i. repremo.ed by .he equa.ion 




y 


( 4 ) 


\/ Ztt 


ImTa'iou U SumS .tTreTuXl: curve U uniry.) 

^ n - — T_ , which is the frequency for the mean. 

It is seen that when X - / — 


1 seen that when x = 

If ,he value unity « fiven » tbe' .tandard de.ia.ion, the equation becomes 


X* 

2 




(5) 


7^ > 


TLp curve for this equation may be 

r:r trse^^l^im" r:f ! ^ o. ... 

following table of their values will be found usefu . 



X in <T units 

0.0 

0.4 

0.8 

1.2 

1.6 

2.0 

2.4 

2.8 

3.2 

3.6 

4.0 


TABLE 2 

0.00 

0.16 

0.29 

0.38 

0.45 

0.48 

0.492 

0.497 

0.499 

0.4998 

0.5000 


z 

0.40 

0.37 

0.29 

0.19 

0.11 

0.054 

0.022 

0.008 

0.002 

0.001 

0.000 


4 - • a This area gives us the part of the 
The area under the curve from between deviations x = -1 and 

1 = +I we find from the table that a = 0-68^, ne.^6^ ^ ^ ^ 

lie in a range of 2.. Betiv^en x - 2 d ^ ^ 

95 per cent of the errors ^ that where there is a normal 

99.7 per cent of the errors. lie .^-ithin ±2<r, and 99.7 per cen 

distribution, 95 per cent of the err 

will lie within ±3.r ^jher words 50 per cen 

i:s7b“nl-. - - >> 
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error for which the probability of its being exceeded is the same as the probability 
that it will not be exceeded. The definition of the probable error is given by 

T = 0.67(7 


or 


r = ±0.67 




( 6 ) 


EXAMPLE. (Compute the probable error in the preceding example. 
Since 

O' = 0.026, 

we have 

T = zb 0.67 X 0.026 = db 0.017. 


6. PRECISION INDICES 

The precision or reliability of a series of measurements is the degree of con- 
sistency which they possess. In the example of the shots and the target, the 
precision would be considered good if all the shots were in one area. They might 
for example, be grouped about the — 4 line or the +2 line. If, however, the shots 
were scattered about, the precision would be poor. The value of cr or r would 
show the degree of scatter, a large value indicating considerable scatter and 
poor precision. 

The term accuracy or validity refers to the degree to which the measurements 
approach the “true” value. In the target example a set of shots closely grouped 
about the center line would indicate great accuracy (as well as great precision). 
A set of shots grouped about line +3 would indicate good precision but p>oor 
accuracy. An automobile speedometer which fluctuates about a mean value of 25 
when the car is trav'eling at 25 mph may be said to have poor precision but good 
accuracy. If the indicator remains steadily at 30 when the car is traveling at 
25 mph, the instrument has good precision but poor accuracy. Since the “true” 
value of the quantity which is being measured is seldom known, we usually have 
no way of measuring accuracy. 

The two most common measures of precision are the indices a and r. Although 
there is no particular advantage in using the probable error in place of the stand- 
ard deviation, it is in common use among physicists and chemists and will there- 
fore be employed here as a precision index. 

It is shown in the theory of errors that the mean of a set of N measurements 
is y/J{ times more reliable than any of the individual measurements. The stand- 
ard deviation for the mean is called the standard error of the mean (^). The formula 
for this quantity is 



Similarly the probable 


r = 0.67 


Va- 


cs: 


EXAMPLE, Compute the standard error and the probable error of the mean in the 
mple of the preceding section. (For simplicity assume N = 9.) 

0.026 


a = 




= 0.0087, 
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and 


= 0 67 A= = 0.67 X 0.0087 = 0.0058. 

VJi 


7 STATISTICALLY RELIABLE DIFFERENCE 

Tn the work of criminalistics a small difference between two means can be 
of great significance. In measuring oltStTfor 

ot 8la«, a mean v^ua “Sf » „„„ be .a.pIoy«l » 

i, due » ebauc oe eepeeseu^ a .iguibc.u. 

difference. thf-rp- are 997 chances out of 1000 that 

F„u. d,e "oma. u » ^evi.„.» (3a). H »e 

any error occurring will no gr ^^asure we can say that there are 

use ihe probable wUl not be greater than tour probable 


diffcTcnct • ♦ .^xTLxxT^tc vaIucs X\ 

^ tV\*» two means is 


n and Xt d: Ti 



the two 


leans is 

^ ^ Xi~ X^- 


The probable error of the difference is (v.i.) 


R 


^ Vfi® + 


( 9 ) 

If A is greater than 4/?, it may be con- 
eluded that the probabUity that this differ- 
ence is attributable to chance is less than 7 

over 1000. 

example 1. A pair of suspected dice is 

submitted to the laboratory for ex^auon On 

• A\e fFie 22) it is found that the 

measuring one me t^^ig. ) -r ^ rrhe 

_r ar#»^ not Uniform, t^ne 


dimensions ui ui^ — , 

dice are “bricks” or “Bats”). The foUowing series of measurements are o 


lengths 

X 

30.3 
30.7 

30.4 
30.6 
30.3 
30-4 
30.1 

30.5 
30.3 


Length AB 

X 

- 0.1 

-1-0.3 

0.0 

- 1 - 0.2 

- 0.1 

0.0 

-0.3 

-hO.l 

- 0.1 


X* 

0.01 

0.09 

0.00 

0.04 

0.01 

0.00 

0.09 

0.01 

0.01 


X 

29.9 

29.6 
30.1 
29-8 
30.0 
29.8 

29.7 
30.0 

29.8 


Length BC 

X 

-1-0.04 

-0.26 

-1-0.24 

-0.06 

+0.14 

-0.06 

-0.16 

+0.14 

-0.06 


X* 

0.0016 

0.0676 

0.0576 

0.0036 

0.0196 

0.0036 

0.0256 

0.0196 

0.0036 


For length AB wehave^the me«^ ^ 

AB — = g 


? * 30.40 
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The difference between the two means is 

A = - ^ = 30.40 - 29.86 = 0.54; 

and the probable error of the difference is given by 

R = + = v^(0.037)* + (0.033)* = 0.05 

Since 4R = 0.20, A exceeds 4R and we have a statistically reliable difference. (The 
question of whether this difference affects the “roll*’ of the dice is a separate considera- 
tion.) 


EXAMPLE 2. Two samples of cord are submitted to the laboratory in a homicide 
investigation. It is required to compare the strength of Sample 1 with that of Sample 2. 
The following readings for strength m are obtained for the two samples. Calculate the 
standard deviation, standard error, and probable error for each sample. Determine 
whether a real difference exists. 




SAMPLE 1 




SAMPLE 2 



m 

X 



m 

X 



57.0 

+2.39 

5.71 


50.1 

-0.56 

0.31 


54.4 

-0.21 

0.04 


51.2 

+0.54 

0.29 


51,3 

-3.31 

10.96 


53.6 

+2.94 

8.64 


56.2 

+ 1.59 

2.53 


47.8 

-2.86 

8.18 


53.6 

-1.01 

1.02 


49.2 

-1.46 

2.13 


52,1 

-2.51 

6.30 


50.7 

+0.04 

0.00 


57.4 

+2.79 

7.78 


52.6 

+1.94 

3.76 


53.8 

-0.81 

0.66 


48.3 

-2.36 

5.57 


55.7 

+ 1.09 

1.19 


52.4 

+1.74 

3.03 

9)491.5 


9)36.19 

9)455.9 


9)31.91 


54.61 


4.02 


50.66 


3.55 

mi 

= 54.61 



m 2 

= 50.66 



Xi 

= V4j02 

= 2.0 



= 

= 1.9 



2.0 _ 
V 9 

0.67 


<r 2 

II 

II 

0.63 



= 0.67 X 

0.67 = 0.45 


rz 

= 0.63 X 

: 0.67 = 0.42 


ini 

= 54.61 ± 0.45 


mt 

= 50.66 : 

t 0.42 



A = 54.61 - 50.66 = 3.95 

R = + fj* = V (0.45)* + (0.42)* = 0.62 

AR = 2.48 

iince 3.95 > 2.48, ^ exceeds AR and we may say that a statisticaUy reliable difference 
aosts between the strengths of the two samples. 
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8. REJECTION OF INDIVIDUAL READINGS 

j frrxTxx Table 2 the fractional part of the errors which may 

We can determine from Table I, me irac f ^ « the area or frac- 

be expected to lie outside of a given ^ values. Thus if a = 0.08 and 

tional part of the reading 4 the table, a = 0.98. It can be said, then, 

, = 0.19, we have X/. = from the ^ , ^ 

t - 0.98 » 0.02 (U., 2 pc, ccc) ,t 0,c CTO. wOi b. 

eXrio“t rTcrauveoct. A riding b „i=c,cd it i.c dcviado., >. ic such th., 
cr^rc grater than (or equal «) > represent an t. which does not eae^ 2 ^, . 
„here Jg is the total n»nher of readings in dre series. Thns d 1 <■ does no 

^ tor a given X and e, we reject the reading corresponding to r. 

For example, in a series of 10 readings 

I =1- 

2N 20 ’ 

j- - 0 95 we have the value 1.96 

From Table 2 we see that correspondmg to ct - 0.95, 

for x /o-, and hence 

X = l.VCxr 

for various values of N- In this manner 
This procedure may be repeated for various v 

Table 3 can be formed ; 

tables 


1 - a = 


or ot = 0.95 


X 

5 

10 

15 

20 

50 

100 


r 

2.5 

2.9 

3.2 

3.3 
3.8 
4.2 


Where is the number of observations ti 

,„or r is calculated. ^"^^^"“Lceeds the ratio given in the table 
suspected observauon. If the ^ed observation should be rejected, 

site *e appropriate value of the sus^ ^ ^ 

example /. In the coi^ * X'^ing* are obtained with 

Hrtermine the height of the lctt« „ , 5, -un be rejected? 
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Height in mm 

X 

X* X 10^ 

2.34 

-0.026 

6.76 

2.38 

+0.014 

1.96 

2.40 

+0.034 

11.56 

2.31 

-0.056 

31.36 

2.39 

+0.024 

5.76 

2.29 

-0.076 

57.76 

2.34 

-0.026 

6.76 

2.51 

+0.144 

207.36 

2.37 

+0.004 

0.16 

2.33 

-0.036 

12.96 



342.40 

X = 2.366 



tex* 

•> n A7 / = 

0 67 +2X10- 

- = 0 039 

r - 0.67 ^ ^ 

u.o/ ^ 



For the suspected observation the deviation from the mean is 0.144 and the ratio xjr is 

X 0.144 
r “ 0.039 “ 

The tabulated value of x/r for ten observations is 2.9. Since 4.1 is greater than 2.9, 
the reading 2.51 should be rejected. 

The experimenter may sometimes be hesitant in rejecting an observation by 
means of this criterion, particularly in borderline cases. The effect of an abnormal 
observation can to some extent be overcome by increasing the number of read- 
ings. Indiscriminate repetition of the experiment, however, will not comparably 
increase the precision. A law of diminishing returns is in operation, since the 
precision indices, r and o-, vary as the square root of N. Thus, to change one of 
these indices by one decimal point, it is necessary to multiply jY by 100. (A study 
of a graph of r against jY will show that it is usually not profitable to make more 
than 10 observations by a given experimental method.) It is more profitable to 
change the method than to repeat the experiment a great number of times.® 


9. PROBABLE ERROR IN COMPUTED RESULTS 


If the probable errors of separate independent variables are known and 
these variables are to be used in a chemical or physical formula, it is necessary 
to determine the probable error of the dependent variable. Thus, in the expres* 

sion ^ ^ where o, s, and t are speed, distance, and time, respectively, we should 


like to know the probable errors in s and t. More generally, if ^ 

Wy . . .), we should like to know the probable error in ^ due to known prob- 
able errors in A', T, . . . . The probable error is given by the Gaussian 
theory of errors as 
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where R is the probable error in and r,, r„ ete. are the respective probable 
App">ig^eqoation 110) to some simple cases, the following formulas are 

- ±v'T + 7| 


1. -^ = A'± 

2. = XT 

?>. Z - A/r 


r 


( 11 ) 


R = ±V(.YrK)2 + {Trx}- 


( 12 ) 


R = 


^VlXryy + {rr.^r (13) 


FX AMPLE 7 A speeding automobile is clocked over a measured mile on a high- 
EXAMFLFF^ P . experiments that the probable error in 

reLuri”!' fs Ss tonds and the probable error in the distance is d.25 yards. 

Compute the speed of the car and its probable error. 

Te substitute . = 5280 ft and 7 = 80.8 sec m the relation 




thus 


or 


The probable error in 


5280 f 

7 ) = = 65.3 fps 

^ 80.8 ^ 

V = 44.5 mph. 

V will then be given by equation (1 3); thus 


R 


1 


= ± A Vr-r/- + she 


t- 


h r,- r and r are the probable errors in j and /, respectively. 

' Since r, = ±75 ft, Ld r. = ±3.5 sec. we have on substitution 


and 
or, in mph. 


^ ^ ^0 
R = ±3.0 fps, 
R = ±2.0. 


1 ^(80.8 X 75)2 + ^b2»0^r33) 

).8)* ^ 


Hence our result may be %sxitten as 

V = 44.5 ± 2.0 mph. 

If the legal speed limit is 45 mph on the highway in^^^e^ion, no conclusion can e 
safely drawn concerning the legality of the ^ skidmark is measured 

example 2. At the g^'^frwith a probable error of ±3.5 ft. A series of 

rn spec oV cac in pccuclng .he oelglnal shldma.l. 
by means of the formula; 



..here a, is the speed “ i.VlTdmalt'„“r^= test runs. The skid- 

rrk'-Jn:;^ rmCu'r^I’irfr a^d .he speed in mph. 


TREATMENT OF DATA 


5J 


Applying equation (10) to function »i, we have 




dvi 

dU2 


r%.+ 


P2 


(S) 


+ (S) ’ 


82 


On substituting the following values; 


dVi 

dV2 



V2 




SiSi 


dVi 


— P2 ^Si 


2s2\^S2 


our equation becomes 


R 


Vi 


Since 


we have 



Si „ . o . ^2^ 9 

7, ' •= + ?77. ' •* + JTi 


Si 


= 96.7; J 2 = 15.8; V 2 == 20.5; = 2.0; = 3.5; and = 1.8, 





97 X 4 (20 X 3.5)’* (20 X 1.8)2 x 97 

A V ✓ V ✓ 4 /* 


16 


4 X 97 X 16 


4 X 163 


or 


= ±5,7. 


Computing Vi fro 


Vi = V2 


we have 



Vi 


- “-5 -v/fS - 


50.7 mph 


and 


Vi = 50.7 ± 5.7 mph. 


If the legal speed limit is 40 mph, we can conclude that the driver of the vehicle was 
exceeding that limit at the time of the collision. However, if the speed linoit is 45 mph 
we should hesitate to draw such a definite conclusion in view of our probable error oi 
5.7 mph. (In practice the large errors used in this example are not ordinarily found). 


10, LIST OF FORMULAS 




X = 


N 


a = 



'N 


<7 = 


Vsx* 

N 


r = ±0.67 




±0.67 



R = ± y/A + r^y 
R = dbV{Xryy + 


Mean for a series of measurements 
Standard deviation 

Standard error of the mean 
Probable error 

Probable error of the mean 

Probable error of the sum or 
difference of two variables 

Probable error of the product of 
two variables 
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EXERCISES . , 

/ * \ r ^ or, tVip clothine of a suspected burglar is compared 

1. A glass fragment (A) oun crime. In measuring 

\vith a fragment (B) taken rom a ™ ^ obtained for the samples; Sample A — 

the refractive in Jx, the o ^ 4^8^ 14^3^ 1.415; Sample B — 1.410. 

1.413, 1.420, .418, .4 1, . 08, 1.419, ^ ^ statistically reliable 

1.415,1.411,1-408,1.413,1. » * ! h fnr the refractive indices of these specimens? 

difference eni.. beuv.en ^ tound ,o be ,18 ff. 

2, In a motor vebiele ^.e roadway is found B be 0.62. It 

re“ is .0... approalmare rb. error B e, dre speed B 

mph. V is determined by the equauon. ^ 

If = V 30 

3. In dererminins .he speed of a vehicle J.'™ Tio'p^ 

a cerrain aeciden. .he ^ t e"ompa,imn. I. is a^umed .ha. 

cent. Usrns .he be m, much as ±6 per cen. The error u. 

dre error rn measur ng .here Ut ^ approaima.e error rn compur.ng 

the speedometer is taken as ±5^p^ 

from the formula t-i = ' .„,.„tigation it is found necessary to compute the 

4. In the course of a ballistics g ^^ken from the foot of the 

height of a tower situated on the top _ ^ n^eas- 

hiU. The angle of from the base of the tower to the point of 

rbrr::iris^2r4": a Determine the height of the tower and the probable error 

t 'in rhandwxiting examination the -.le 

protractor. The Sfst^ dard error, and Ae probable error of the 

41 , 49. Compute the arithmeuc mean, tne sian 

mean. . , tifiration is that of ascertaining the type of gun 

6. One problem of fire^rr^ idc buUet 

used to fire a bullet recovered m an assau deformed, (and 

disregarding for the moment more prac- 
tical considerations such as weight, width 

of lands and grooves, direcuon of nflmg, 
etc ), what effect has an error m the 

pitch, as determined from a 
photograph of the surface of the bullet 
(or from a photograph of an impr^ou 
F-. 23 of the surface rolled out on cellulose 

^ n the identification of the gun from the 

acetate using the method ^^^rface of a buUet impressed on a pl^e^ 
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CHAPTER 6 


MEASURING INSTRUMENTS 


1. VERNIER AND MICROMETER CALIPERS 

The Measurement of Length 

Perhaps the most common of physical laboratory measurements Is that of 
lenmh. The two basic instruments for this measure are the vernier and microm- 
eter calipers. In this section the principle of the micrometer screw and the vernier 
are treated. These de^-ices will be found on many other instruments which will 

be used in the laboratory. 



Fig. 24. A case involving measurements - one side of the left die « 
slightly longer than the other. 


In manv cases where two fragments are being compared to determine 
.heir thev ^vere originally parts of the same object, the ditnen-ons of ^ 
,„oc„ ,„av ,K .he deeding tae.ors. For example, m .he 

!„ aheged ,o h..vc been ^tlTeg'^r.o he alredror pf.,4 

"'°"v 'T crha'rheem rha.nd-- mnsr be mcamred xvi.h precision to detect 
.11 rliflcrences Fimire 24 illustrates a case involving such a measure 
.luM-ed dice. In comparing the tool marks on a surface with the jimmy, 
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or other instrument used to make these marks, the distance between significant 
marks should be carefully measured with relation to the corresponding marks on 

the tool (in addition, of course, to the usual photographs). 

It is well, as a matter of regular procedure, to take measurements of the 

significant dimensions of all physical objects submitted in evidence, such as 

broken automobUe parts, shoes, and plaster casts, etc. These measurements may 

aid later in identifying the object. Usually, testimony concerning the evidence is 

not given in court until months after the examination ; unless the investigator 

has recorded the measurements of the object in question or has photographed it 

with a ruler in the field, his mental picture of the object will be quite hazy. 

Moreover, the expert witness is frequently asked to state the length or width of 

an object, although these measurements may have no relation to the point at 

issue. 

The Principle of the Vernier 

In the precision measurement of length many instruments utilize the prin- 
ciple of the vernier. Essentially the vernier is a short auxiliary scale (starred scale 



Fig* 25* niostrating the principle of the vernier* 


in Fig. 25) which makes it possible to read more accurately fractions of a division 
of the main scale. The most common type of vernier is described below. If the 
vernier scale has n divisions, it will, when laid along the main scale, cover 
(n — 1) divisions of this main scale. Ordinarily the vernier has 10 divisions. 
Hence, one division of the vernier is 9/10 the length of one division of the main 


scale. If, for example, in measuring an object it is found that the end of the object 


lies between the 1.0 and the 1.1 marks on the main scale (Fig. 25), the zero mark 


of the vernier is placed at the end of the object while the vernier lies along the 
main scale. A mark of the vernier will be found to coincide approximately with 
some mark on the main scale. This mark of the vernier determines the complete 
measurement; e.g., if the third mark of the vernier coincides with a mark of the 


main scale, the reading is 1-03. The reason for this is readily seen. Since the 
third mark of the vernier coincides with a mark on the main scale, and, since 
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. • A- -c-nr. U 0 1 short of being a main scale division, the second mark 

each vernier dn ision ^ coinciding with the nearest 

of the vernier is 0.1 of vernier is 0.2 of a scale division 

mark on the mam sea e. consequently, 0.3 of 

beyond its corresponchng scale ,,hich in this case is 1. 

a scale division beyond t e corresp ^ prnier and V the length of a vernier 

division. The number of main scale divisions is (n D, tn g 

main scale division is 5. It is evident that 


nV = (n - 1)5 


and that 


S 


V = - 5 

n 


• p. c — F the difference between a main scale division and a 
The quantity 5 V, the instrument. The least -count of the 

°f measurement obtainable with the 

instrument. 


The Vernier Caliper 

r IFi» 261 consists essentially of a straight scale with a 
fi.JP" whSlTaU^ a movable jaw and vernier. The object to be 



measured is P.acod within the jaws, 

rJ hnP cPid'enc:; Observed for the complete reading. 
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The Micrometer Caliper 

The micrometer caliper (Fig. 27) has a curved frame, one end of which 
serves as a fixed jaw, and a screw which serves as a movable jaw. The screw is 
equipped with a circular scale and travels along a longitudinal scale. The cir- 
cular scale determines fractional parts of the longitudinal scale divisions. In 
some instruments the longitudinal scale is divided into millimeter divisions and 
the circular scale is marked into 50 divisions. Since it requires two revolutions 


r 

d 



Fig. 27. Micrometer caliper. 


of the circular scale to move the edge of the screw (which is the index) one milli- 
meter along the longitudinal scale, each division of the circular scale corresponds 
to 0.01 millimeter. The instrument illustrated in Fig. 27 is calibrated in fractions 
of an inch. A measurement is made by placing an object between the jaws of the 
caliper and turning the screw by the small auxiliary handle until contact is made. 
This is indicated by the distinct clicks of a ratchet. Sufficient pressure is had 
when approximately three clicks are heard. 


2. RADIUS OF CURVATURE OF GLASS LENSES AND 
OTHER CURVED SPECIMENS 

The curvature of an object may become an important measurement in some 
investigations. For example, suppose that in a case invoK'ing two pieces of metal 
it is desired to establish that they were parts of the same piece of machinery; or, 
in the case of two pieces of spectacle glass found at the scene of a crime, that they 
were parts of the same lens. Fragments of broken bottles in assault cases some- 
times present the same problem. Obviously, if the two broken pieces had been 
adjacent, excellent proof is had by merely showing the “fit,” as in a jig-saw 

puzzle. If, however, the parts had not been contiguous, measurements may be 
needed to show the common source. 

^Vhen the pieces in question are parts of a surface of revolution such as a 
cylinder or a sphere, the radius of curvature becomes a significant measurement. 
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\ cylindrical handle of a tool or a spherical lens would require such a measure- 
ment under certain circumstances. Two standard instruments the spherometer 
and the Geneva gauge, which are used for determining the radms of curvature 

are studied here. 

The Spherometer ^ - j i r 

The spherometer consists essentially of a central screw set in a mpodal frame 
(Fi. -8) The screw is moved by means of a milled head mounted on a gradu- 

’ ated disk. The disk moves along a ver- 

_ tical scale. The principle of the spher- 

ometer is the same as that of the 
micrometer caliper; the movable 
scale serves as an index for the main 
scale, and also divides the smallest 
division of the main scale into at least 
as manv subdivisions as are indicated 
on the moveable scale itself. The 
spherometer can be used to measure 
with precision small vertical distances 
above and below the plane of the 

points of the three legs. 

By plane geometry it can be 

shown that the radius of a circle 
which is cut into segments by a per- 
pendicular chord is given by the fol- 
lowing equation : 



Fig. 28. Spherometer- 




'radi°ur:( :\Tear- circle perpendicular ro dre 

Equation (1) is applied tn to the point of the serew 

case, h IS the distance from an> g P moved by the screw. The 

the Geneva gauge or clock ( => - ^ 1 gs are in contact 

against the surface which is betng i„diearor to revolve on 

with the surface. The mtddle f Geneva gauge is especially 

tl'e:la:in7r = p^m^- 

77oT;t " i^rp^itln 7the .e7 in the Geneva gauge the legs lie 


59 


MEASURING INSTRUMENTS 

in a straight line; in the spherometer they do no. lie in a straight line. ^ 

possible to apply the gauge to a rim which would be too narrow for the use 

the^herometer.^auge jp^^igeaiiy designed for the purposes of opticians. It is 
calibrated to interpret the radius of a surface in terms of diopters for glass of a 



Fig. 29. Geneva Gauge. 


specific index of refraction. (This is called the power of the lens.) For our pur- 
poses we must interpret the diopters reading in terms of the diameter. 

The power of a lens in diopters is equal to the reciprocal of the focal length 
expressed in meters. If P is the power and F the focal length we have 

P - I (2) 

b 


From the general lens equation we know that, where R\ and /?2 the radii of 
curvature and n is the index of refraction, 



We can simplify this by assuming a planoconvex or planoconcave surface in 
which case i ?2 = and the equation becomes 


R = {n- 1)F (3) 

where R is now the radius of curvature of the surface in question. Substituting 
from equation (2), we have 


P 


bO 
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Sincr thr is calibrated for an index of refraction of 1.530, wc have, fuv 

convening the power reading into inches, the expression: 


R - 


0 53 X 39.37 


L’sually the diameter D is of greater interest than the radius; hence 


D - 


41.7 


( 4 ) 


In other words, by dividing the scale reading P a( the gauge into 41.7 we obtain 
the value of the diameter of the curs ed surface in terms of inches. 


3. THE MICROMETER MICROSCOPE 

In many types of investigation it is necessary to measure small distances with 
considerable accuracy ; for example, in handw riting and typewriting comparisons, 

and in comparisons of small tool marks fine 
measurements are important. In a small lalx>ra- 
tor>', where one microscope must 5cr\c for all 
purposes, these measurements can be accom- 
plished by the use of a micrometer eyepiece with 
this microscope. In a fairly large lalxjratory it is 
more practical to have one instrument set aside 
for routine micrometry. A micrometer micro- 
scope for this purpose is illustrated in Fig. 30. It 
is well to learn the use of this instrument at this 
point because of the elementary nature of the 
measurement. 

The distance directly measured with the 
micrometer microscope is not that between two 
points on the subject, but that between two 
points in an enlarged image of the object. The 
scales of measurement are calibrated to give the 
reading of the actual distance. 

The micrometer microscope consists of a 
long tube in the lower end of which is fixed 
a lens called the objective; telescoped into 
the upper end is a short tube with a com- 

bination of lenses called the eyepiece. The objective produces an enlarged 
image of the object in the plane of a set of cross hairs. The eyepiece is 
focused on the plane of the cross hairs. The cross hairs may be moved across the 
image of the object by turning a fine screw, which is equipped with a ^aduaied 
torsion head. To use the instrument practically, we must be able to determine 
the actual distance traversed on the object when the cross hairs have traveled 
between two points on the image; that is, we must determine the equivalent in 
centimeters (or inches) of one division on the torsion head. To accomplish this. 



Fig. 30. Micrometer eyepiece 
and microscope. 
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he hairlines are moved between two points on a stage micrometer 

mms of the torsion head required to effect this passage is noted This 

oL dlided into" 00 parts. From this, the caUbraUon consist. 

iete^ed, and the instrument may then be used to measure unknown dis- 

'“t" focus the eyepiece on the cross hairs, direct the microscope toward a 

-heet of white paper, and after pulling the eyepiece out as far as possible, move 
L until the cross hairs are brought sharply into focus. The eyepiece is not to be 
touched once it has been focused on the cross hairs; aU other focusmg is accom- 

olished by manipulation of the objective. 

Place the stage scale before the objective in such a position that iK ruling 

ire paraUel to the moving cross hairs. Raise the objective by turning the screw, 

it the same time holding the upright support to prevent the instrui^nt from 

dipping Bring the scale into focus by lowering the objective slowly. The locus 

ts perfected by eliminating parallax. Parallax is the apparent relative motion 

between the cross hairs and the image produced by real motion of the eye. (In 

using a micrometer eyepiece with a high-power objective, the objective is raised 

to focus to avoid damage through careless lowering. Parallax is avoided by using 

the fine motion about the point of approximate focus.) 

Turn the screw until the movable cross hairs travel the distance between ten 

ar twenty successive lines on the scale, noting the initial and final reading of the 
torsion head in whole turns and small divisions. It will be seen from this trial 
that confusion is liable to arise, if there is but one reader, in determining the 
oumber of turns. The difficulty is removed by the provision of a serrated scale 
for purposes of orientation. This scale is located in the plane of the image and 
cross hairs. In one revolution of the torsion head the cross hairs travel from one 
tooth to the next. Every fifth tooth is distinguishable by its size. Calculation is 
facilitated also by turning the screw in that direction which gives increasing 
numbers on the torsion head. The screw should not change direction during any 
ly^Hing, because this leads to lost motion or backlash. The screw should not be 
turned too far in any direction. It has gone too far whenever a gap of white 

shows on cither side. 


4. OTHER MEASURING DEVICES 


Thread-Countmg Devices 


In r.Jispji involving a coinpanson of fabrics or the comparison of a fabric with 
an impression (see Fig. 179), it is necessary to count the number of yarns or 
threads per unit length in a given direction. Several devices are available for 

this purpose. 

Pick Glass — The pick glass or linen tester consists of a simple magnifying 
lens set in a folding mount, the base of which is a square aperture of known size. 


The number of yams 


in the field of view is counted. 
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Thread-Counting Micrometer — This instrument (Fig. 32) has the advan- 



tage of variable focus and wider range in regard to the length of cloth covered 
_ in a given reading. When the eye- 

piece is focused, a magnified image 
of a scale, pointer, and the fabric is 
visible. By means of a knurled disk 
the lens and pointer are made to 
move across the field and scale. Each 
yarn is counted as it crosses the 
pointer which is mov^ed over a known 
length. 

Microscope — The micrometer 
microscope will also serve the pur- 
pose here. 

Paper Gauge 

In a document examination or in 
a counterfeit money or ticket inves- 
tigation a comparison of papers is 
often required. Sometimes the thick- 
ness of the paper becomes a sig- 
nificant measurement. A paper 

Fig. 31. Pick glass or linen tester. ii u r j r i r .u* 

® gauge will be found useful for this 

purpose. The gauge can also be applied to the measurement of the thickness of 
metal, veneer, cloth, cardboard, celluloid, leather, etc. Two common types of 

gauge are used: 

Dial Gauge — This may be in the form of the dial bench gauge or the sheet 
gauge. In both instruments a contact point is raised and released after the sample 
is inserted. The dial is graduated to read in thousandths of an inch (Fig. 33). 
Paper Gauge Micrometer Caliper — This instrument is the conventional 
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micrometer caliper with disks approximately | inch in diameter on the anvil and 
spindle. Measurements can be taken without compressing the articles measured. 


Standard Sieves 

In some investigations a measure- 
ment of particle size will be of im- 
portance; for example, the use of 
abrasives in a sabotage case may de- 
mand particle size measurements. A 
comparison of sand found in a sus- 
pect’s shoe with sand from the scene 
of the crime would be another ex- 
ample. Rubber fillers, paint pigments, 
seed, sugar, and many other sub- 
stances can be subjected to this addi- 
tional physical test. 

Dry-mesh analysis is the simplest 
method of determining particle size. 
A nested set of standard sieves such 
as that illustrated in Fig. 34 is used. 
The mesh size varies with the type of 
sample to be tested. With sand, for 
example, screen sizes of 20, 40, 60, 
80, and 100 openings per linear inch 
are used. Finer materials can be 
measured with sieves of 120, 140, 170, 
and 200 mesh. 



Fig. 33. Paper gauge. 


A known weight of the material is placed in the top sieve. The sieves are 
then shaken with a sideways and up-and-down motion until no further separa- 
tion occurs- The amounts of material left on each screen and in the pan are then 

weighed. The percentages retained 



on each mesh are then calculated. 

Thermometers 

In addition to the usual ther- 
mometers necessary for a chemical 
laboratory, a set of thermometers 
should be available for field work. 
These thermometers should cover a 
range from — 30 F to 300 F. One im- 
portant use of these will occur in 
motor vehicle homicides when a sus- 
pected car is discovered in a garage a 
short time after the occurrence. A 


temperature reading of the water in 


Fig. 34. Standard sieves. 
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the radiator should be taken immediately. Thecar motor should then be run until 
the %vater is fully heated, and the temperature should be read once more. A 
series of readings should be taken as the water cools to the temperature of the 
first reading. The time at %shich each reading is taken should be recorded. In 
this wav it is possible to verify in part any excuse or alibi \shich the dri\er of a 

« A 

car mav offer. 


Balances 


Analytical Balance (Fig. 35) — A standard type analytical balance is needed 

for quantitative analyses. It may be equipped with a graduated beam and rider 

or with a chainomatic device. Such 



Fig. 35. Analytical balance. 


a balance will ordinarily weigh up 
to 200 grams and be sensitive to 
0.1 mg. The investigator should be 
aware of the limits of accuracy of the 
balance which he is using. Normally 
an accuracy of 0.1 per cent is expect- 
ed in weighing an 0.1 gram sample. 

Coarse Balance — For weighings 
which do not require great accuracy 
(such as weighing large quantities of 
photographic materials) a rough 
balance should be employed. A set 
of rough weights should be used %\dth 

this balance. 

Platform Balance — For gross 
weighings a large balance is needed, 
capacity of 100 lb is satisfactory. 



Measuring Tape . , i 

For mearurin* relatively great lengths such as me lengths of ” 

room dimensions a 50-ft steel measuring tape should be available. See Chap 

25 for the use of the steel tape. 

Spring Joint Rule 

This should be available for measurtng thVscei" 

crime a rule s^hould be included in the photograph as an . 

L^th .(ting-ioint rule is satisfactory for this 

rfun: :1m T:,": pott .hrruirdn'be conyeniemly placed agaimt 
the object which is to be photographed. 

XhTr^'esdon of time frequent, v becomes f 
of a suspect's store. In homicide, the grav.ty of the crtme mcreases gre 
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it can be shown that the element of premeditation was present. For example, if 
the defendant states that he struck the deceased in the heat of passion, and if it 

can be shown that in order to deliver 

the fatal blow it was necessary for 
him to walk through several rooms ; 
then measurements of probable time 
consumed in traveling that distance 
become important. 

Similarly, it may be necessary to 
measure the time required for a vessel 
such as a bathtub to be filled with 
water; for an automobile radiator to 
cool to a certain temperature; for a 
car to pass certain traffic lights. Al- 
though an ordinary watch will usually 
suffice for these measurements, it is 
well to have available a good stop 
watch in the event that a necessity 
For critical measurements arises. 

Cathetometer 

This is another instrument for the 
measurement of length. The cathe- 
tometer or height gauge is specifically ^ig. 36. Analyzer for electrical testing, 
designed to measure height. A metal 

block slides on a vertical pillar. A telescope equipped with cross hairs is mounted 
horizontally on the metal block. The relative height of the telescope is indicated 
by the vernier on the block which moves along a scale on the pillar. The instru- 
ment is excellently adapted to measuring capillary rise, stretch of wires, the 
distance between two points of a cord suspended under a fixed tension, etc. 




(a) (b) (c) 


Fig. 37. Fuses ^ffilown” from different causes: (a) In good condition, window clear 
(b) blown by short circait; (c) blown by overload. 
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Electrical Measuring Instruments 

Accidents and crimes involving damage caused by electricity sometimes 
require an investigation to determine cause, negligence, or intent. Various parts 
of the electric circuit must be tested. For this purpose a voltmeter, ammeter, 
and ohmmeter are necessary. An electric circuit analyzer such as that shown 
in Fiff. 36 is an excellent combination of a number of these instruments. Tested 
materials should also be at hand for comparison. Fig. 37 shows a set of fuses, 
each of which has blown from a different cause. 


EXERCISES 

Before each reading with any nreasuring instrument a aero reading i, always taken 
to see it the zero on the vernier coincides with the zero on the main scale^ If th.s ts not 
L ease a zero correction is necessary. It can readily be determined whether this quan- 
thy should be added ,o or subtracted from the actual reading. Each reading should be 

at difTercnt points of the specimen. * u* u 

r If possible obtain two pairs of dice, one a normal pair and the other a pair which 

has been altered by changing the slope or a dimension. Select a die from each of these 

X Using the virnier Liper on each die take nine measurement of he ,hiek„«s 

ar^g each dimension. Calculate the arithmetie mean, the standard deviation, and the 

'’'°'?“\'r;hrmTromlrrah^ .ake nine measurements of the diameter of a car- 
tridge Lll Calculate the arithmetic mean, the standard deviation, and the probable 

Using a spherometer, determine Ihe number of revolutions of the disk required 
for --rsing on^dmmon^ ^ e, 

until the point of the screw just ^ instrument revolves. Note the 

made, tap a leg of the spherometer gen y ^ correct direction. Repeat this pro- 

crdt^i—^a M^emTau of the plate each lime, and determine the zero 

^i" m on the convea 

mine h bring the screw-point into t e same p placing the instru- 

distances from the point ^j.^s of a centimeter. Take three readings for each 

" r Sr 0 :".e take a senes . ^ ^ ^ 

automobile lenses. Consult lens cata ogues Compare the three values obtained by 

justify the use of the Geneva gauge. measurements of 

the “ 

the arithmetic mean, nine independent readings of nvo adjacent 

7. With the the calibraUon constant of the instrument, 

divisions of a stage micrometer scale. Determine 


ucauri^ iwftiMtvrfc 



U, iW ■uaihrf «l |«r» 

lUiMUfd f*'’****^ 

R SrWt * in af «MfcR« 

chM ban mmt iRr 

OD iRc «r» drmf ttmpm 
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CHAPTER 7 


DENSITY 

DETERMINATIONS 


1. APPLICATIONS 

In the identification of substances for scientific forensic purposes, physical 
properties assume a position of great importance because of the peculiar nature 
of the problem which the police laboratory faces. First, the sample received in 
the laboratory may be so limited in quantity that chemical analysis (except by 
spectrography or x-ray diffraction) is frequently prohibited. Second, methods of 
analysis which preserve as far as possible the original form and quantity of a 
small sample are preferable. Third, the preser\'ation of the sample permits the 

checking of the results of the experiments. 

Specific gravity or density is an especially important physical property from 
the viewpoint of the criminalistician. The most obvious example of its impor- 
tance is offered by glass. In a relatively large number of laboratory cases, samples 
of glass are submitted for comparison. The reason for this can be understood 
from the fact that burglaries and assaults involve the breaking of glass. The 
fragments found on the suspect’s clothing are frequently so small that the size 
and quantity available precludes chemical analysis, except spectrographically. 
In small laboratories, however, this elaborate equipment may not be available, 
so that the police scientist frequently must rely upon comparisons based on 
physical properties, density and refractive index among others. 

The determination of specific gravity is useful also as a means of identifica- 
tion of pure liquids. In mixtures of known liquids such as alcohol and water, 
specific gravity is a rapid means of quantitative analysis. 


2. DEFINITIONS 

The nature of density is expressed by the equation 




per cc 



where d‘ is the absolute density at temperature t; m, the mass; and v, the volume. 

In cgs units density can be expressed in grams mass per cubic centimeter. Ihe 
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mUrniter, however, is the more common unit of volume, particularly where 
Uquids are being measured. The millUiter is defined as the volume occupied by 
10-» kilogram of pure water at 3.98 C. The cubic centimeter is equivalent to 

0.999973 milliliter. The relative density is defined as 

<^4 = - g per ml 

where t is the centigrade temperature at which the density is measured. The 
subscript “4” refers to 4 C, the density being measured relative to water at 4 C. 
The specific gravity, of a substance is defined as the mass m of a substance 

at < C relative to the mass mo of an equal volume of water at / C: 

cP = jm^lv = — • (^) 

' v' mo 


The following relations exist between these three quantities 

</' = 0.999973</i 


and 


d[ — 
d* = d\' 


(4) 

(5) 

( 6 ) 


EFFECT OF TEMPERATURE 


Since the volume of most substances increases when they are heated to a 
higher temperature, the density will be found to decrease with temperature. For 
accuracy of ±0.001 in measuring density, the temperature must be controlled 
within about one degree centigrade. The change in density with temperature 
can be calculated approximately by means of the coefficient of volume expan- 
sion, jS, which is defined by the equation ^ = l/p • dv/dt. Values of |3 for various 
substances can be found in the usual tables of physical constants. /3 is of the order 
of 10-* per degree; it is not constant but increases with temperature (for liquids 

about one per cent per degree centigrade). 

Differentiating equation (1) wth respect to temperature (where density is 

represented by p) 

dp m dv a 


dt 


0* dt 


= —p/3. 


From this we have 


Ap 1 

p dt 


In other words — jS can be used as a measure of the relative change in density 
per degree centigrade. 


4. DENSITY OF UQUIDS 
The Pycnometer *■ *• ® 

The specific gravity bottle, or pycnometer, is the most common (and most 
accurate) device for measuring the density of liquids. Its usual design is that of 
a gmall flask with a ground glass stopper bored with a fine capillary. The sizes 
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should run from 1 to 30 ml. The accuracy of the measurement is not increased 
by using larger sizes than 30 ml. The pycnometer provides a known volume of 
a liquid in a form in which it can be conveniently weighed. Since the chemist 
is more interested in specific gravity than in density, he usually compares the 
weight of a volume of the liquid in question with the weight of the same volume 
of water at a specified temperature. 

The pycnometer is first cleaned with cleaning solution and washed several 
times ^vith distilled water. It is drained thoroughly and placed in a vacuum 
desiccator in an inv^erted position. After applying suction for 20 minutes or so, 
the pycnometer will be dried. This process is repeated until constant weight is 
obtained. The bottle is now filled with distilled water at a definite temperature 
such as 23 C or 25 C. Unless the pycnometer is equipped with a thermometer^ 
it is necessarv to immerse it for 20 minutes in a water bath at the stated tempera- 
ture with the neck just above the surface. The stopper is now inserted with a 
twisting motion to avoid air bubbles. Since the bottle was full when the stopper 
was inserted, the liquid will rise in the capillary and overflow. These drops are 
carefully removed. The bottle is dried with a lintless cloth and weighed. The 
weight of water is then calculated. The procedure is repeated at other tempera- 
tures at which the bottle may be used such as 4, 10, 15.6, 20, and 30 degrees 
centigrade. The weights of water thus determined can be plotted against 
temperature. A straight-line graph should be obtained. This will serve as a 
check on the accuracy of the calibration and also as a means of calibrating the 
pycnometer for other temperatures. Excessive handling of the bottle should be 
avoided because of the danger of losing water through the capillary by expan- 
sion. The capillary should always be filled to the brim. 

To determine the specific gravity of another liquid, the bottle is washed, 

dried and weighed. It is then filled with the liquid and is again weighed. The 
weight of the liquid is calculated. The latter value is divided by the weight of 

water at the same temperature (equation 3). . r 

The chief sources of error in the use of the pycnometer are the absorption of 
an uncertain amount of moisture by the glass and failure to insert the stopper to 
exactlv the same depth each time. Third place accuracy is readily obtainable 
with the exercise of normal care. For fourth and fifth place accuracy, however a 
number of further precautions are necessary. The technique of precisi^ 
pvcnometric measurements is described by Bauer. A precision of ±5 X lO"* 
gram per milliliter is possible under certain conditions. 


Mohr-Westphal Balance 6- ^ s 

The specific gravity of a liquid can be defined as the ratio of the weight of a 
volume of the liquid to the weight of an equal volume of water (equation 3). 
From Archimedl’ principle it can be seen that this ratio is equal to the -u 
of the loss of weight of a body (a sinker) in the liquid to the loss of weight 

"’“''^hrsbuovancv principle provides the basis of the Mohr-Westphal balance, 
which is a rapid and accurate means of determining the specific gravity of no - 
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volatile solutions and nonhygroscopic liquids. The balance (Fig. 38) consists o 
a pivoted beam with one arm divided into ten equal parts, the tent u ision 
being a hook at the end from which a sinker is suspended by means of a platinum 
wire. The ratio of the loss of weight of the sinker in water to the loss of weight 
in another liquid is, as explained before, the ratio of the densities of the liquids 
(an equal volume of the liquid being displaced in each ca.se). The loss of weight 
of the sinker is calculated by first balancing the beam with the sinker in air and 
then noting the added weight required to balance the beam, when the sinker 
is submerged in the liquid. If and L, are the losses of weight of the sinker in 



Fig. 38. Mohr-Westphal balance. 


water and in the sample liquid, and and are the respective densities of the 
liquids, d^ may be found from the equation 



(This is another form of equation 6.) 

The specific gravity is, of course, simply 

Two sets of four different riders are provided with the balance. The relative 
values of the weights of the riders are 1, 0.1, 0.01, and 0.001. The numerical 
value of each rider in a weighing depends on its position on the beam with 
respect to the pivot. When the largest rider is on the hook — the tenth division — 
its value is 1.0; at the next division its value is 0.9 ; at the next 0.8 ; and so on. The 
next largest rider has a value 0.1 on the hook, 0.09 on the end notch, 0.08 on the 
next division, and so on. It is evident that the other two riders will ha\e re- 
spective values 0.01 and 0.001 on the hook. If the 0.1 rider is at 9, and 0.01 at 3, 
and the 0.001 at 7, the reading is 0.0937. Another method of reading the 
Westphal balance is to immerse the sinker in distilled water with the unit weight 
in position. The threaded counterooise is then turned until the nolnter^ 
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opposite each other. When determinations are now made with other liquids, 
they can be taken directly from the balance. A chainomatic type of Westphal 
balance is also available (Fig. 39). With this balance rapid determinations can 
be made with a precision of zhlO~^. 

5. DENSITY OF SOLIDS ^ 

The methods of measuring the density of solids depend on the immersion of 
the solid in a liquid of known density. They are less accurate than the methods 
for liquids because of errors due to inhomogeneities such as cracks or trapped air. 
Displacement methods'® employing the pycnometer and the volumenometer are 
used as are also buoyancy methods. The latter techniques are found to be more 
useful in criminalistics. The free flotation method, in particular, is excellently 
adapted to comparison of the densities of small glass fragments. 



Fig. 39. Westphal balance, chainomatic type. 


Free Flotation Method , 

A solid immersed in a liquid of the same density will J,„,Uy 

If the solid is immersed in a liquid of lighter of the solid is 

can be added until Heating equilibrium - by any of the 

then equal heavier liquid, methylene iodide or 

.St ~ • ■— "• 
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lighter liquid IS gradually added to the heavier. In the critical region the addi- 
don of a few drops is sufficient to sink or float the specimen. The mi.xturc should 
be carefully stirred with each addition. Care should be taken to remove air 
bubbles from the solid specimen. The accuracy of the determination by this 
method is, of course, limited by the accuracy with which the density of t e 

liquid is determined. . . 

One of the disadvantages of the method is the necessity of waiting until the 

t%vo liquid components are thoroughly mixed and come to equilibrium with the 

solid. By using a centrifuge the process can be considerably shortened. A sma 

sample of the solid is added to the liquid mixture and placed in a centrifuge, 

which is operated at 2000 to 4000 rpm for several minutes. The lighter or 

heavier liquid is added, depending on whether the solid sinks or rises. This 

procedure is repeated until the suspended solid remains relatively stationary. 

Wflth 0.05 mg of a hydrocarbon (C 21 H 10 ) Bernal and Crowfoot” determined 

its density by this method with an accuracy of ±0.002. 

A precision technique for detecting small density differences by the flotation 

method is described by Hutchison and Johnson.'^ When the immersion liquid 
and the solid have approximately the same density, the temperature of the 
liquid is changed a small amount. With a temperature control of ±0.001 C, 

density differences of the order of 10-« were detected. 

Roche and Kirk^^ describe a technique which permits a rapid and con- 
venient determination of the specific gravity of small glass fragments. This is a 
flotation method employing a column of liquid in which the density varies with 
the height. Two miscible liquids of different densities (methylene iodide and 
nitrobenzene) are stratified in a long glass tube. The liquids are mixed only 
partially by gentle stirring with a glass rod, so that on standing a short time the 
resulting mixture possesses a fairly uniform density gradient. The glass fragments 
to be examined or compared are immersed in the liquid. After about fifteen 
minutes they come to rest at a position where the density of the liquid is equal 
to that of the glass. Further examination (such as refractive index or density by 
the centrifuge method) is necessary only for those glass fragments which float 
at the same level. A tube suitable for these tests is made from glass tubing 
(8 mm inside diameter) cut into 30 cm lengths. One end of the tube is sealed 
in the flame of a Bunsen burner. 

EXERCISES 

1. Select three or four liquids such as bromoform, ethyl alcohol, and aqueous solu- 
tions of copper sulfate of known concentrations. Determine the specific gravity of each. 
Compare the results with the values given in any standard tables. 

2. Select a set of ten samples of glass from different sources. Determine the density 
of each sample. Study the differences in values from the point of view of identifying each 
sample. 
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PART C 


IMPRESSIONS 


lu this part a study will be made of the various traces which may be left by 
a criminal in the form of a finger-, palm-, or footprint or by means of a tool 
or piece of wearing apparel. To these traces we shall assign the general term 
impressions. 

The importance of an impression as evidence lies in its uniqueness. A given 
impression can be produced by only one object. For example, a certain finger- 
print can be produced by only one finger; a shoe print will correspond to only 
one shoe; a jimmy mark will bear the unique characteristics of the jimmy. 
Naturally, this uniqueness is invaluable as evidence; it can be established, 
however, only if there are a sufficient number of characteristic marks discernible. 

There is a tendency among laymen (and law enforcement officials, too), to 
stand somewhat in awe of this fact of unique correspondence between finger- 
print and finger. For them there is a sacredness and value (apart from classifica- 
tion systems) in a fingerprint which they will not grant to the palm print or the 
tool mark. The scientific criminal investigator, however, views the matter from 
a precisely contrary point of view: the unique correspondence between effect 
and cause, print and finger, tool mark and tool, is normally to be expected. 
Nature or artifice can only by the most unprobable chance produce two objects 
which are identical in construction. All material objects may be looked upon 
ultimately as configurations of molecules much as a house is an assembly ot 
bricks. The chance of all the bricks in each of two houses being placed in 
identically corresponding positions is too remote for consideration. Similarly, we 
must always expect differences, either macroscopic or microscopic, in any two 
objects, however alike may be the processes by which they are made. 

The impressions produced by any two objects — two fingers or two jimmies 
will differ under an examination sufficiently critical; hence unique corre- 
spondence is almost a law of nature and not an anomalous phenomenon, and 
our faUure to perceive it is due to limitations in our methods of examination. 

It is the task of the criminalistician to establish this correspondence between 
impression and object by discovering a sufficient number of characteristics in 
both to establish the relation. The impression is to be looked upon as a negative 

— a reversed image. The cast, mold, or other reproduction is a positive which 
will resemble in character the original object. 
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A preliminary step in the investigation of all impressions is the photograph. 
Two purposes are served by this measure : first, a record of the original state of 
the evidence is preserved for legal purposes i second, a likeness of the impression 
is obtained, so that if the impression is destroyed in the process of casting, 
molding, lifting, etc., the loss is not total. In connection with this latter purpose 
it may also be said that not infrequendy the photograph will be a better repro- 
duction than the cast or lift. This precaution of preliminary photography is so 
important that it will be repeated frequently at the risk of tedium. It is to be 
understood that in photographing impressions a ruler or scale must be included 

in the field. 


CHAPTER 8 

FINGERPRINTS 


DEVELOPING FINGERPRINTS BY POWDERING 


1. THE LATENT FINGERPRINT 

The perpetual hope of the scientific criminal investigator at the scene of a 
crime is the discovery of a fingerprint which will point directly to the criminal. 
The fingerprint occupies a position of paramount importance in circumstantial 
evidence. There are many reasons for this; the simplicity with which finger- 
prints may be obtained; their conclusiveness in establishing identity; the im- 
mutable character of the fingerprint during life ; and the existence of common 

filing systems. 

A fingerprint is usually formed by firiction ridges leaving a deposit of per- 
spiration on the surface with which the finger has been brought into contact. 
Friction ridges are marked by fairly regularly placed depressions which are the 
sweat pores. Perspiration exuding from these pores flows over the ridges. 

The untouched fingerprint on a surface is called a latent fingerprint because 
it is ordinarily not clearly visible. To render the print visible a powder is ususdly 
applied by means of a fine brush, a duster, or an atomizer. The powder adheres 
to the pattern of the finger made by the perspiration. The powdered print is 
usually photographed as a permanent record. 

Before determining which powder to use in dusting a print, consideration 
should be given to the possibility of photographing the print without treating it 
in any manner. It sometimes happens that in powdering a print some of the 
detail is lost in critical areas. Frequently such a photograph is quite simple. In 
burglary cases, where the burglar’s hands become dirty through his effort to 
g ain entry, it is not uncommon to find visible prints on light colored walls or 
woodwork of the house. More difficult prints on glass or other surfaces may be 
made visible by oblique light which, exceeding the critical angle, will be re- 
flected from the surface with sufficient contrast to its background to yield a 
satisfactory photograph (Fig. 40). 
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2. SELECTION OF POWDERS 

The choice of powder is determined by several factors. First, the color of 
the powder should be selected to give in the photograph maximum contrast 
with the background. It is usually desirable to select a powder such that the 

result will be a black print on a light back- 
ground. This is done for the convenience 
of the fingerprint experts, who are accustomed 
to examining a black print on a white surface. 

If it is necessary to use white powder on the 
surface, a transparency should be made later 
from the negative. These matters are discussed 
in detail in Chapter 16. Black powder, then, in 
general, is \ised on light backgrounds; a white 
powder is used on dark surfaces. Certain 
multicolor surfaces will present a problem: 
For example, if the print lies on a background 
of blue and white, it may be advisable to use 
a red powder to produce photographic con- 

tTelSt. 

Another factor to be considered is the man- 
ner in which the powder adheres to the surface 
and to the print. Fingerprints vary in the 
amount of oily substance present in the per- 
spiration deposited. The wrong choice of 
powder may lead to unfortunate results. 

When we observe the delicate nature of a fingerprint under a microsc^e, 
the ease with which it can be altered or destroyed becomes evident. The 
qualities, however, of a suitable fingerprmt powder are dj^cult to describe. 
The powder must, in the first place, adhere to the prmt. On the other h^d, 

it should not cling too readily to the surface so that when the prmt is 
brushed the powder while still adhering to the print, will not remam between 

^^Thf work of L. C. NickoUsi led to the foUowing conclusions: (1) The u^ty 
of a Werprint powder does not depend on its bulk de^ity. (2) ^orphous 
powders are, on the whole, superior to crystallme powders. (3) Floury con- 



to. Greasy fingerprints on 
photograplied without 

powdering. 



adhering quality. 
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The following are some typical fingerprint powder formulas: - ^ 


a) Lampblack 70 parts 

Graphite 20 parts 

Powdered acacia 10 parts 

b) Mercury and chalk 75 parts 

Talc 25 parts 

c) Mercury and chalk 85 parts 

Aluminum 15 parts 


d) Aluminum parts 

Charcoal 20 parts 

Dragon's blood 5 parts 

e) Lampblack parts 

Resin 23 parts 

Fuller’s earth 17 P^ris 




Fig. 41. (a) Powders, dusters, and blowers for developing latent fingerprints; (b) A 
modification of the equipment shown in (a). (Courtesy, Act. Sgt. Ralph Dudley, Nevi 
York Police Department.) 
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In a case of a delicate print it is always advisable to try several powders. 
Before powdering any surface the technician should first determine whether it 
is possible to place a print on the surface. He should place his own print on an 
untouched area and should then experiment in powdering it. 

3. POWDERING OR DUSTING 

There are several methods of powdering or dusting a latent print. For large 
areas a camel hair brush of three or four inches width is sometimes used. The 



Fie. 42. Technique in powdering a print: (a) Correctly developed 
print; (b) detail obscured by an excess of powder; (c) streaks caused 

by excessive vigor in brushing. 



atomizer is also used for this purpose and is fairly satisfactory except for an 
unfortunate tendency to become clogged because of imperfections m the granu- 
lation of the powder. .A brush must also be used m conjunction with the atomizer 
to remove excess powder. The best instruments for powdering are the ostrich 

feather duster and the round camel hair brush, one to two inches long. 

In applying powder with a brush 

or duster considerable care must be 
exercised. The most serious errors 
are the use of too much powder and 
too much force (Fig. 42). The powder 
should be shaken out of the botde 
into a shallow, wide container 
(Fig. 43). The brush is dipped 
lightly into the receptacle and Ae 
excess powder removed by tapping 
the brush lighdy. The brush is 
then drawn delicately across the 
surface until the latent print be- 
comes visible. Mter the first ap- 

pea.ance of .he prin. .he brush should be j ^^^XVinTTe 

of the ridges. When sufficient powder ts adhering to t P . 



Fig. 43- Correct method of picking up 
powder on a duster. 
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brush should be shaken free of ma- 
terial and then applied with great 
care to remove excess pow'der such 
as that lying between the ridges. 

In summary, the following rules 

may be used as a guide . 

1. On discovering a fingerprint, 
photograph it before process- 
ing. 

2. Determine whether the surface 
under examination w’ill “take” 
a print by attempting to place 
one on and then developing it. 

3. In developing with a duster or 
brush always use a very light 
stroke and a small amount of 
powder. One careless stroke 
can destroy the value of a print. 

4. Photograph a print as soon as 
it has been developed. 



Fig. 44. Poor technique — the brush should 
not be pushed into the bottle. 


LATENT FINGERPRINTS BY OTHER METHODS 


Frequently the substance which must be examined for latent fingerprints is 
of such a nature that the prints will not readily respond to the usual treatment by 
powders. Paper, wood, and cloth are examples of such materials. If a powder is 
used at all with objects of this nature great care must be exercised to avoid 
smudging. Several processes are employed for developing latent prints on such 
surfaces. The choice of method should depend upon the nature of the surface 
and the time which has elapsed since the prints were made. 


4, RECENTLY MADE PRINTS ON PAPER 4. ^ 

If it is known that a sheet of paper has been handled within the last two or 
three days and if it is desired to develop latent prints, certain powders may be 
used with success. The powder should be sprinkled over the paper and the 
paper then agitated so that the powder rolls over the proper areas. When a print 
is sufficiently developed, the paper is then tapped on the reverse side to remove 
unnecessary powder (Fig. 45). Brushing on the powder is also effective. 

The powder chosen for this purpose should be selected for its adhesive qual- 
ities as well as for color. Graphite, lampblack, aluminum, metallic antimony, 
bronze, and similar fine-grain powders may be used. The choice of color will 
depend, as usual, on the background. Where a multicolor background is 
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encountered, a fluorescent powder such as fluorene or anthracene should be 
used and a photograph made in ultraviolet light. 

5. REAGENTS ON PAPER, WOOD, AND CLOTH 

The use of chemical reagents which will act on the compounds found in the 
perspiratory excretion constitutes a simple and effective means of developing 
latent prints. The print which is received by paper through handling b merely 
an outline of the friction ridges made by the perspiration which exudes over 
them from the sweat pores. Perspiration consists of 98 per cent water with traces 
of salts, such as potassium chloride and sodium chloride, sulfates, phosphates, 
carbonates, lactic acid, fatty acids, glucose, and urea. Chemical methods of 



Fig. 45. Developing fresh prints on paper 


developing latent fingerprints ordinariiy make use of the presence of the chlo- 
rides in the latent image by exposing the paper to the action of some chemi 
which will react with the chlorides to produce a visible print. 


6. SILVER NITRATE® '•* 

If it is thought that a sheet of paper bears latent prints which are several 
weeks old, the silver nitrate treatment should be used. As a general all-purpo e 
developer of latent prints, silver nitrate is very sattsfactoty. The papem are 
itnmersed in trays containing approximately a a per cent solution of s K er 
nitrate. The silver replaces the sodium and potassium giving siKer chlor . 
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.iz A^NOa + NaCl — > AgCl j + NaXO,. The papers are therr huns; up 
dry over a sink in a darkroom. After drying they are e.xposed to sunlight oi to a 
nowerful artificial light such as a carbon arc {Fig. 46). On exposure to light t c 
diver chloride yields free silver which appears as a dark outline of the friction 

ridges: 2 AgCl 2 Ag j + CU. The print must then be photographed 

before the paper completely darkens. 



Fig. 46. Exposing paper to a carbon arc lamp after the silver nitrate bath for the develop- 
ment of latent prints. 


After being photographed, the print can be preserved by placing it in a 
lightproof envelope, or by chemical fixing with hypo (sodium thiosulfate). It 
will be noted that this whole procedure is similar to the photographic process: 
the light deposits free silver, and the hypo removes the unaffected silver chloride. 
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Instead of fxposini? the paper to the latent intake may be darkened 

chemically by Nsashini? first with distilled water and then dipping into a aulutiun 
containing one part of 33 per cent formalin to ten parti of 2 per cent ludiiux) 
hydroxide. I hLs bath reduces the silver chloride to metallic silver. 

d 

Frecjuently it is requested of the lalxjratory that a paper be examined tor 
prims and then restored to its original condition if no print is found. This can be 
accomplished by immersing the paper in a solution of mercuric chloride, after 
the examination by silver nitrate has IxT'n made, and then hanging up to dry. 
The reaction is: 

Ag + HgCi, .\g<::i -t- Hgci 

Both reaction products are white and may be removed by rinsing in water. 

Examinations for latent prints on letters are of common occurrence in cases 
of blackmail, forgery, anonymous and threatening letters, etc. The laboratory 
will find need of a permanent arrangement for the silver nitrate development 
procedure. A special sink may be set aside for this purpose. Wires should be 
suspended over the sink for holding clips by which the papers will be hung to dry. 
Several pairs of rubber gloves should be provided to protect the operator’s 
hands from the silver nitrate solution. Talcum powder should be available to 
facilitate donning the gloves. Several shallow trays should be used for the baths. 


7. OSMIUM TETROXIDE » 

In liquid or vapor form osmium tetroxide may be used on paper to develop 
latent prints which are of fairly recent origin. Because of the highly poisonous 
nature of osmium tetroxide, it is usually preferable to use silver nitrate, however, 
in capable hands, osmium tetroxide can be made to yield excellent results. A 
small quantity of a 1 per cent solution is used. The vapor form will be found 
more effective than the liquid. A fuming chamber such as the one shown in 
Fig. 229 may be u.sed. A small quantity of the solution is placed in the evaporat- 
ing dish, and a Bunsen burner applied to the dish for a few seconds. The paper 
should be exposed to the fumes for an hour or more until no further develop- 
ment is observed. For convenience the paper may be exposed to the fumes 
overnight, since the prints so developed are not fugitive and need not be fixed 
Of course, a photograph should be made of the prints as soon as jx)ssible. 

The action of osmium tetroxide on a latent print depends upon the fatty 
substances which are found in the secretion of the glands. In the of 

these substances the osmium tetroxide is reduced to free osmium, which is dark 
in appearance as are most finely divided metals. The osmium tetroxide method 
reveals fine detail in recent prints, but it is not as effective as iodine on prints 

several months old. 

8. IODINE 

Iodine fuming is another satisfactory developer for fingerprints on paper. 
The procedure is similar to tha* used with osmium tetroxide. Iodine ciy^t^ 
are placed in an evaporating dish in the glass chamber in the presence of the 
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paper to be treated. The dish is heated for a short time until the fumes are seen 
to rise. The latent print will darken as the vapor clings to the secretions. 

Greater control over the process can be achiev'ed by allowing the iodine to 
sublime at room temperature instead of applying heat to the dish. The time 
necessary to develop prints in this manner is, of course, much longer. When the 
room temperature is relatively low, it may be well to leave the paper in the 
presence of the cr>^stals overnight. This is sometimes called cold development. 



Fig. 47. Developing fingerprints by iodine fuming. 


An iodine print is fugitive and, unless some precaution is taken, the print 
will soon disappear. Since it is always necessary to photograph the prints, it is 
well to place the paper in a photographic printing frame immediately after 
development. 

Several methods of fixing iodine prints are recommended. A silver plate 
transfer method will be described later. Another method of preserving the print 
is the following, attributable to Wagenaar:^® twenty grams of rice starch are 
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mixed with 20 milliliters of water to form a paste ; 2 grams of potassium iodide 
and 0.3 grams of thymol (as a preservative) are then added and carefully mixed. 
This paste is spread on a sheet of paper. Before the paper becomes quite dry it 
is pressed against the iodine, and the print is now on the prepared paper. Several 
prints can be made in this manner. For greater permanency they can be later 
varnished with a 3 per cent solution of gum dammar in benzol. Thb print is a 

mirror image of the print as it is usually viewed. 

Another simple way of preserving iodine prints is to place the paper contain- 
ing them between two glass plates and sealing the plates with transparent tape 
or one of the sealing cements common to chemical laboratories. Other methods 

are given by Bridgesi^ and Popp.'’* 

To remove prints which have been developed by iodine fuming, the paper is 
simply treated with ammonia fumes. The removal of iodine may also be accom- 
plished by exposing the paper to air for several days, thus permitting the iodine 

to sublime. 

The use of iodine vapor is by no means limited to fingerprints on paper. 
This fuming method is effective also in the development of greasy fingerprints 
such as those found in kitchens or garages. Powdering in such cases would lead 
to smudges. An apparatus for rapid fuming with iodine is easily made in the 
laboratory. A straight calcium chloride tube (with one bulb) b packed with a 
small wad of glass wool at the bulb end. Thb b done in order to prevent solid 
particles of calcium chloride from passing through to the rubber tubing which 
is connected at thb end of the tube. Sufficient calcium chloride is added to fill 
about three-quarters of the tube; another wad of glass wool b inserted and a 
small quantity of iodine crystals is placed on top of thb ; a third wad of gla^ 
wool b used to hold the iodine crystals in position. By blowing gently through 
the rubber tubing, a cloud of iodine b directed toward the surface bemg ex- 
amined for fingerprints (Fig. 47). 


9. ADDITIONAL METHODS 

The field of fingerprint development has been quite fruitful of mpmous 
methods. A few of these are given below. Most of them axe of academe mterest 
«mce one will usually rely on the techniques already described. 


Heat — Prints on paper can be sometimes qeveiopea oy ™ 

the surface The charred organic material of the perspiratory excreUon 

forms the outline of the print. _■ i * 

Colored Sdutions ■»■ >< - The preferential wetdng of paper by a colored aolnoon 

f:" as an ink wUl pern.it the print to stand out - -hash 
recommends the following solution : 2 ml osmic acid, 2 ml water, and 

0-05 c pyrogallic acid. 

n , The print is powdered with a dye and fixed by exposure to the 

•^un.es of attrreid Ld stean.. Thomas recommends waxohne ye^on, 

05, waxoline orange AX, waxoline red AS. and waxohne vtolet BS. 
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Hydrofluoric acid— This is applied to fingerprints on glass. The area between the 
ridges is etched by the acid. The waxy substance of the print itself repels 

the liquid. 

Reducing agents — An organic reducing agent of the photographic type such as 
amidol, pyrogallol, or hydroquinone is brushed on the print. A piece of 
photographic film is pressed against the print, developed in ammonia 

and water vapor, and fixed in hypo. 

Tannic acid — A 10 per cent solution of tannic acid is used to set the albumin 
present in the print. 

Fleming's reagent — Marks containing a fatty substance are treated first with 
Fleming’s reagent (a mixture of osmic acid, chromic acid, and glacial 
acetic acid) and then with a liquid which fluoresces in ultraviolet light. 
The result is photographed under an ultraviolet lamp. 

FINGERPRINTS AT THE SCENE OF THE CRIME 
AND SPECIAL TECHNIQUES 

10. HOUSES 

The most common crimes to which the services of the laboratory are sum- 
moned are burglaries. On arriving at the scene the laboratory investigator 
should make a survey of the interior and exterior of the premises, obtaining the 
necessary information from the detective assigned to the case. It is usually pos- 
sible to determine the point of entry and the approximate path of the criminal 
in the interior. This path should suggest the order in which the various areas 
should be processed. 

The exterior of the premises does not usually yield any prints. The dust which 
covers the window ledges and doors prohibits good impressions. Clean windows 
are the most likely source of prints. 

Before processing the interior a photograph (35 mm camera) should be made 
of each room which is being considered. The photographic record will be 
invaluable as an aid to remembering the location of various objects in the event 
of testifying in court. 

11. VEHICLES 

The examination of automobiles is another frequently occurring task in 
fingerprint work. If the car has been exposed to the rain, it should be permitted 
to dry thoroughly with open windows before being processed for prints. Simi- 
larly, if the car is found at night with a heavy deposit of dew, it is advisable to 
wait until the next day. 

The most firuitful areas in the search for prints are the front door windows, 
window ledges, and areas near the door handles. The rear view mirror some- 
times bears a thumbmark from the readjustment usually necessary for the driver 
of a strange vehicle. The steering wheel and dashboard seldom yield good prints. 
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12. VARIOUS SURFACES 

The general methods described above will be found adequate to deal with 
the great majority of fingerprint cases; many special cases, however, will be met 
in the course of time. Fingerprints on raw wood, leather, cloth, etc., present 
individual problems. A number of these surfaces are discussed below and 
recommendations for their development, which have been made by various 
authorities, are given. Again the precaution of photographing before developing 
must be repeated. Careful oblique lighting of many of these surfaces will reveal 
the print impression satisfactorily so that it may be photographed. 


Polished Wood 

Spray on a powder using an atomizer. Brushes and dusters are also adequate 
if it is found that the surface is not greasy and does not smear readily. If the 
wood is of light color iodine fuming is effective. 


Greasy Surfaces 

On kitchen windows and walls there may be a thin film of grease. Mercury 
with chalk powder gives good results. For excessive grease iodine fuming is 
recommended. The portable iodine fuming apparatus is exceUent for this 

purpose. 


Raw Wood 

Silver nitrate should be used on raw wood surfaces. If the surface is part of 
the handle of an instrument or if it is conveniently portable, it shotdd be re- 
moved to the laboratory for processing. For doors, walls, or roofs a liqmd sprayer 

or glass fiber brush may be used and the 

prints photographed at the scene. If the surface 
is even, a roller may be used. The roller is 
immersed in the solution and run back and 
forth over the surface. Successful development 
of prints on raw wood surfaces is quite rare. 

aoth 

Coarse fabrics such as toweb do not possess 
the proper continuity of texture for a good 
print. Sheets, pillow slips, handkerchiefs, shirts, 
and other fine fabrics, especially if they are 
sized or starched, will respond to the silver 
nitrate method (Fig. 48). The garment b im- 
mersed in the solution and treated in the usual 



Fig. 48. Latent fingerprint 
clcrth developed by the ri] 
nitrate proceM* 


manner If no fingerprints are found and it ta desired to restore the 

tion, U should be rinsed thotoughly in water 

te solution of ammonium hydrosulfide. The cloth wiU firet ture 
become light. It should again be rinsed thoroughly and hung to 
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dry in the sunlight. Iodine fuming also is recommended for developing punts on 
cloth. Prints are very seldom found by either method. 


Black Satin 

Smooth the material on a frame and develop %vith 
calcium sullide powder. Remove excess powder by tap- 
pin? the frame. To retain the print after photographing, 
the cloth must be left on the frame. The probability of 
finding a print is extremely small. 



Raw Leather 

The silver nitrate method as used for cloth; low’ 
probability. 

Finished Leather 

The choice of powder will depend primarily on the 
color of the leather. Copper powder has been found to 
o-ive t^ood results. .Aluminum powder is also satisfactory. 



. X .| Fie. 49. Latent finger- 

Fingernails and Toenails developed on 

Copper powder will develop prints on these surfaces, cigarette paper. 


Fruit 

Apples, oranges, bananas, etc., will retain a fingerprint. Lead carbonate is 
excellent here. 



Fig. 50, A “plastic” print on adhesive tape. 


Cigarette Paper 

Slit the paper to remove tobacco 
and develop with iodine fumes. Sil\'cr 
nitrate will also give good results 
(Fig. 49). 

Prints or Impressions on 
Plastic Substances 

Substances such as soap, fat, 
butter, tar, paraffin, or adhesive tape 
(Fig. 50) receive an impression when 
a finger is placed on them. This im- 
pression should be photographed 
with the proper lighting. A plaster 
cast of the print can then be made 
from the substance. Wood's metal 
is also suited to this work where the 



>0 


AN INTRODUCTION TO CRIMINALISTICS 


urface does not have a low melting point. A small amount of Wood’s metal 
s heated to about 70 C (the melting point) and poured carefully on the print. 

Bottles 

If a print is found on a bottle of light-colored glass, an aluminum or white 
Dowder is used. A dark fluid such as ink is poured into the bottle to give a con- 
xasting background for a photograph; alternatively black paper can be in- 
>erted into the bottle. 

13. FEVGERPRINTING CADAVERS 

The problem of obtaining fingerprints from a dead body occurs when a 
corpse is found without means of identification or other clue to identity. The 
technique to be employed depends upon the stage of disintegration which the 
bodv has attained. In some of the methods described it is necessary^ to sever 
tendons or amputate the fingers. The ser\'ices of the surgeon performing the 
autopsy should be enlisted for such procedures. 

Before Rigor Mortis 

The fingers should be cleaned with alcohol, hot water, or an antiseptic soap 
solution, and thoroughly dried. A fan will be found helpful for drying. The 




fingerprints 


91 


joints of the fingers and the wrist should be exercised until the fingers are pHable- 
The curved spoons shown in Fig. 51 can be used for inking and printing. 1 he 
fin°-er is first pressed against a spoon containing the inked pad and then against 
a spoon in which the paper is inserted. Each finger is inked and printed sepa- 
rately. In the absence of any special spoons, the fingers may be inked \s ith a 
rubber roller and pressed into a shoehorn into which slits have been cut for 

inserting the paper. 


After Rigor Mortis 

If the fingers are contracted and not pliable, vigorous exercise of the joints 
will usually render them pliable. Some authorities recommend the cutting of 
the tendons at the wrist or at the fingers. Soon 
after rigor mortis sets in, the skin of the fingers 
begins to shrink and the fingers take on a collapsed 
appearance. In order to obtain successful prints it 
is necessary to inflate the fingers by injecting some 
substance beneath the skin by means of a hypoder- 
mic s\Tinge. Among the substances recommended are 
hot ^^’ater, air, melted paraffin, vaseline, glycerin, 
and glycerinated gelatin. The injection is made either 
at the tip of the finger or below the first joint. When 
the fingers are sufficiently inflated the fingerprints are 
taken in the manner already described. 


i 


Advanced Decomposition 

*\fter several days of decomposition have passed, 
the methods described above are usually inapplicable. 
Ordinarilv the skin should be removed from the 



Fig. 52. Radiograph of a 
finger, outlining the fric- 
tion ridges. 


fingers and immersed in formaldehyde. The skin is then placed over the opera- 
tors finger, pressed against the inking pad and rolled on the paper. Sometimes 
it is necessary to boil the amputated fingers in order to remove the skin properly. 
When decomposition is far ad\ anced, an x-ray technique may be employed as 
a last resort. The surface is coated with bismuth subcarbonate, lead carbonate 
or barium sulfate and a radiograph is made fFig. 52). 


TRANSFER METHODS FOR FINGERPRINTS 
14. USE OF “LIFTING’’ METHODS 

It will often be found desirable to transfer a fingerprint from one surface to 
another. This process is called lifting the fingerprint. The lifting of prints is 
ordinarily done for the purpose of preserving the original print in a permanent 

. ^ g is advisable in order to make a good photo- 

graph possible. A print on a curved polished surface is sometimes difficult to 
photograph because of reflections and also because of the distortions which occur 
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in the projection of the curved surface as a plane image on the photographic 
plate. This latter defect will not, in every case, be remedied by the lifting method 
but the print may perhaps be more easily studied after lifting. 

The usual precaution of a good photograph should first be taken. Only after 
the investigator has developed the negative and assured himself that he has a 
satisfactory photograph, should he attempt to lift the print. If the print is found 
on some portable object which can be retained as evidence, this object should be 
removed to the laboratory. It should not be expected that a print can be 
accurately removed from every curved surface. In transferring a print from one 
surface to another the operator is endeavoring to roll out the curved surface on 
a plane. In differential geometry it is shown that only a restricted class of sur- 
faces can be rolled out on a plane without tearing or stretching. Such a surface 
is called developable. A cylinder is a developable surface; a sphere is not. Hence, 
when a print is lifted from the curved area of a door knob or from the handle of 
a car door, the lifting cannot be made to fit the surface perfectly; the resulting 
print on the tape has suffered distortions and the representation is not a true one. 

Before any of the following methods are used to lift a print, the operator 
should first experiment by placing a print on the surface and attempting to 

lift it. 

It will be found that black powder is superior for lifting purposes. White 
powders have a tendency to be dissolved in the tacky surface of the lifting mate- 
rial and to become invisible. (Some manufacturers, however, offer special white 
powders which, they claim, are made to avoid this difficulty.) Hence, on surfaces 
such as chromium-plated parts of an automobile, where either powder may be 
used and where it is known in advance that lifting is desirable, it is preferable to 

use a black powder. 

If it is necessary to make photographs from a lifted print, the photographer 
should bear in mind that when the lifting material provides an opaque back- 
ground he is photographing a mirror image of the original print. Thus the 
negative should be printed from the reverse side. If the lifting material is trans- 
parent, the lift can be reversed and photographed by means of transmitted light. 
Sometimes, however, a transparent material such as Scotch tape is fixed to 

white paper, thus needing no reversal in printing. 


15. RUBBER LIFTERS 

A rubber lifter is a sheet of tacky rubber with a celluloid protective strip 
which clings to the rubber. The lifters are provided in black and white. The 
surface is first powdered and photographed. The celluloid cover is partia y 
stripped from the surface, and the exposed end of the tape is held on one side 
of the print with one finger. The lifter is then rolled slowly over the P^nt and 
pressed against the print with a finger. The celluloid cover is replaced by 

placing the lifter face up, holding the end of the cover ^ut and 
cover carefully but firmly against the rubber. Caution should be exerci 

avoid air bubbles. 
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16. TRANSPARENT TAPE 

A wide roll of transparent tape provides an excellent lifting 
is in many ways superior to the rubber lifter. One end of the tape is held 
Ld pressed down over the print (Fig. 53). The tape is removed by lifting until 
it is well clear of the position of the print, with the end still adhering to the 
surface The tape is then cut on the side of the print near the roll. The sectio 
bearing the print may then be lifted entirely from the surface and pressed on 

to a celluloid cover. 



Fig. 53. Lifting a print with transparent tape 


17. IODINE-SILVER METHOD 

In the case of greasy fingerprints on a smooth surface, it is frequently found 
that dusting with powders is useless because of the resulting smudging. The 
prim can, however, be developed by fuming with iodine. The iodine image may 
be transferred in the following manner. A thin sheet of silver with a carefully 
prepared smooth surface is pressed against the iodine image for ten seconds. The 
silver sheet is then exposed to sunlight or photoflood lamps until the print 
darkens to a strong black. Several transfers can be made from the same print. 
This method can be used on sized paper, mirrors, greasy objects, cotton, and 

silk surfaces. 

18. PHOTOGRAPHIC PAPER (WEBER PROCESS) 

In this process the print is dusted with a suitable powder; a sheet of photo- 
graphic paper is then pressed against the print and developed to give an image 
of the print. The powder selected is a mixture of potassium ferricyanide together 
with a fingerprint powder chosen for color. The print is developed with the 
resulting mixture, excess powder being carefully dusted away. The photographic 
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paper is first immersed in water and blotted with filter papers. It is then pressed 
against the print in the outlines of which now lies potassium ferricyanide, which 
reacts with the silver chloride or bromide of the paper. The silver chloride (or 
bromide) changes to silver ferricyanide and potassium chloride (or bromide) 
where the paper has come into contact with the print. 

When the paper is immersed in a photographic developer, the silver chloride 
is developed into free silver, producing a dark tone, except in the area of the 
prim, where the silver ferricyanide will leave a light outiine. The paper is fixed, 
tvashed, and dried in the usual manner. The paper may then be used as a 
negative to print additional copies. 

The choice of powders is of great importance. The powder selected must on 
bein^ mixed ^vith potassium ferricyanide still possess the qualities of a good 
fingerprint powder. The potassium ferricyanide should be dried and ground 
very fine [200 mesh) in a mortar. When the print is on a light background, a 
mixture of 66 per cent wood charcoal and 34 per cent potassium ferricyanide 
has been recommended by Weber. On a dark background, mercury with chalk 
powder and potassium ferricyanide in the same proportion are effective. A 
CTfcaier percentage of potassium ferricyanide may be found more effective in 

these powders. 

The authors have found the following adaptation of the Weber process to 
film quite useful. .\ mixture of 10 per cent fingerprint powder with 90 per cent 
potassium ferricyanide is brushed on the fingerprint. A piece of contrast process 
film. 2 \ bv 3 ;. is moistened on the emulsion side in the following manner: A wad 
of cotton is immersed in water and squeezed until the water is expressed; it is 
then drawn across the film several times. The film is now laid over the print, 
emulsion side down. A roller is passed licrhtly over the film. The film is now 
placed in a high-contrast developer at /5 F tor twenty seconds. It is then fixed 
in the usual manner. A developer such as Agfa 9-D will be found most satis- 


factory. 11 - 

One of the ^reat advantages of the \Veber process lies in the fact that white 

po^vder prints ntay hr successfully lifted. Black rubber lifters are usually ineflfec- 

tive because they dissolve most powders. The use of paper or film offers an 

excellent solution to this problem. Another important advantage is m Ae 

elimination of anv necessity for transparencies. The negative (paper or film) is 

eurrcci for anv print; i.e.. it will need no reversal for tones or position and may 

l,c printed in the usual manner. Regardless of the original color of the powder 

backuronnd. a black print on a white background will be obtained. 


19. PHOTOGRAPHIC FILM (HARRISON PROCESS) 

In this process the print is dusted with a powder which is a photo^aphic 
developer. A photoirraphic film is pressed against the print and then peeled off. 
I is then treated with ammonia and water vapor to give the proper a kahmt> 

,0 the developer which lies on the film in the 

, ,k.-s place in this area. The film is fixed in hypo, washed, and dried m the usua 
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manner. It is now clear except in the area of the print and can be used as a 
negative. A transparency must also be made, because the original negative xvill 

crive a white print. 

” The powder used in this process consists of two parts amidol to one part 
pvro. It must be ground fine and carefully dried. Since it is hygroscopic, care 
must be taken to protect it from moisture. When not in use it should be kept in 
a ti°^htly corked brown bottle in a desiccator. 



Fig. 54. Friction ridges. A projection photograph made from an impression on trans 
parent film. 


The print is dusted in the usual manner. On dark backgrounds the powder 
yields a white print on dark. For light backgrounds the powder may be daikened 

by exposure to sunlight so that it can be examined \’isually. 

A sheet of photographic film is now breathed upon (sensitive side) for about 
half a minute and pressed against the print gelatin side down. The film is care - 
fully lifted and may be developed at any time later. 
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To develop the film, concentrated ammonia is heated in the hood and the 
film held over the vapor until the print is outlined on the back of the film. The 
film is then fixed and washed. transparency is made from this film and then 
printed as usual. 


POROSCOPY 


20. THE VALUE OF POROSCOPY 

In a precedine section on fingerprints, it was mentioned that the firiction 
ridges of the fingers or palms were indented by pores, which are the mouths of 
sweat glands. Like the friction ridges themselves, their shape and relative location 
are immutable. The epidermis consists of two layers. The friction ridges lie 
in the outer laver. Their pattern, however, is formed in the lower layer. Only 
severe injurv can obliterate the friction ridges. They cannot be altered or re- 
placed bv a different pattern. Similarly, the pore structure, which is an integral 
part of the friction ridge design, cannot be altered. 

The pore pattern has the necessary qualities of an identification medium: 
the structure is invariable during a person's life; the distribution of the pores 
in a given pattern is capable of infinite variation; thus, the danger of the occur- 
rence of pore patterns identical in two persons is sufficiendy remote. 

Poroscopy was first practiced by Edmond Locard.^’ the famous French 
criminologist. In 1912 Locard's identification of a pore pattern on a rosewood 
box led to a conviction. Locard considered that the comparison of fx)res lends 
additional proof to fingerprint cases where an insufficient number of character- 
istic points has been found for complete identification. 

It will be found that the examples offered in the study of poroscopy are 
usuallv cases where the pore patterns are supplementars- to the ridge pattern 
in their use for identification. The ridge pattern in most of these examples is 
sufficientlv detailed to offer reliable identification. An ideal case of poroscopy 
would be one in is hich the ridges found were too few in number and too common 
in devi<^n to justifv identification bv comparison. In such a case the presence of a 
lar-e number of pores would offer the only reliable proof. Poroscopy would also 
be helpful as additional evidence in partial palmar prints, ffnee the palm by 

itself is not given the same weight in evidence as the fingerprint. 

No svstem of classification of pores is in use today. The criminologist is 
dependent on the apprehension of a suspect for comparison. Having the suspect 
he prepares a pattern of the friction ridges and pores. A good knou ledge o 
finger and palm prints would lead him to the general location of the area m 

question. The comparison of the pore pattern is then made. 

21. THE PORE PATTERN 

An . xammanon of an .mpr„sion of pores will ^veal that 
at from 83 to 220 microns. Their number along a ridge varies from 9 to pe 
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centimeter. In an area of four or five square centimeters approximaieK 1000 
nores will be present. 

^ In any analysis of a pore pattern, all these characteristics must be gnjn con- 
sideration. Individual pores must be compared in approximate size and shape. 
\ comparison microscope or photographic enlargements are useful for this 
Durpose. Many characteristics of shape will suggest themselves. Some pores arc 
open on one side of the ridge; the bounding ridge areas will form significant 
designs; the number of pores in a gi\ en length will be found to correspond. T e 
relative positions of widely separated pores should be carefully considered. One 
method of doing this is to select six or scn en pores, fairly well separated and 
easUy identifiable — pores open on the ridge, for example. On a photographic 
enlargement connect the centers of these pores by lines so as to form a polygon. 
If ihb is done to the accidental impression and the known impression of the 
suspect, the congruence of the two polygons will be quite convincing. Another 
method would be to compare the negative (or a transparency) of the impression 
\s-ith the negative of the comparison print by superimposing the two. 


22. PROOF IN PORE PATTERNS 

What constitutes certain identification in poroscopy? The answer to this 
would be the same if the question were asked in reference to fingerprints; 
convendon and experience — convention because of the influence of courts; 
experience because of the probability of error in superficial examinations. An 
adequate experiment to solve this difficulty would involve endless labor. 
According to Wentworth and Wilder: "Mathematically the positive establish- 
ment of some 20 to 40 pores should establish a complete identity for the two 
duplicate areas; yet where a much larger number of details is obtainable, one 
should use his full opportunities, and make the comparison cover some hundreds 
of pores, or, if so many are not available, all there are.” A good case could be 
made out for the use of the polygon method as a convincing proof. The ultimate 
appeal in lieu of experiment must be made to the common sense of judge and 
jurt-. Theoretically, one might follow the lines indicated by the laws of prob- 
abiliu' in relation to the relative positions of individual pores in a pattern 
(Chap. 45). If one can assign some numerical value to the probability of one 
pore’s being in a certain relative position, and another numerical value to the 
probability of another pore’s being in a certain position relative to the first, one 
can assign the product of these two values to the probability of finding two such 
pores so located. For example, if five characteristic pores are selected and the 
probability of finding any such pore in its position is 10 -, then the probability 
of finding five such pores is 10“^® or one chance in ten billion. 

23. THE ACCIDENTAL PORE IMPRESSION AT THE SCENE 

At the scene of a crime, pore impressions will usually not have significance 
until the possibility of fingerprints has been exhausted. If no fingerprints of 

* From Personal Identification by B. W entworth and H. H. Wilder, 2nd ed,, cop\Tighted 
1932, by T. G. Cooke, The Fingerprint Pub. Assoc., Chicago. 
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value are found, then pariial prints should be examined for the presence of 
pore patterns. This should first be done with a magnifying glass or. better, a 
Greenouoh binocular microscope. It is not often that a good pore pattern is 
found. 

Care must be exercised in developing pore impressions. Iodine fuming is 
recommended for impressions on glass. Osmium tetroxide is recommended for 
developing pore impressions on paper, because of its capacity for disclosing fine 
detail."- A powder such as lead carbonate or mercuric oxide is used on other 
surfaces. The impression should not be powdered in the usual manner. The 
powdered brush should be held over the impression, and by gentle tapping 
the powder will fall on the impression. The excess can be removed by means of 
an atomizer. Fingers which are bloody or covered with some foreign substance 
will not yield good impressions because the pores will be filled with matter. 


24. MAKING A PORE IMPRESSION OF A SUSPECT 

The following method devised by Maestre and Lecha-Marzo, Spanish 
dactyloscopists. has been recommended. The materials are carefully melted by 
applying gentle heat to the container in which they are to be mixed. 

4 g vellow wax 

O 4 

16 g Greek resin 
1 g spermaceti 

5 g tallow 



Fig. 55. Pores visible in 
developed with powder. 


a fingerprint 



Fig. 56. A comparison print for Fig. 55 
This was made with fingerprint ink. 


Thi, placed a flat conta.aec to ca- 

che,- PC xvUJ and , ul.hcd on the sorface of the mixture. I, is then plac 
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fully against a highly glossed paper or celluloid. Cobaltic oxide is used to color 
the print. The print may be fixed with the following solution: 

25 g gum arabic 
10 g alum 
5 g formalin 
300 ml water 

Although ink is not recommended by authorities for pore impressions be- 
cause of its tendency to fill the pores and thus spoil the outlines, the authors 
have found that fair impressions can be made with ordinary fingerprint ink 

(Fig. 56). 



Fig. 57. Palm print apparatus. 


In photographing pore impressions, the choice of a camera should be influ- 
enced by the need of subsequent enlargement. For a proper examination ar 
enlargement of from thirty to fifty times is desirable; hence a camera, film, anc 
developer capable of a great definition should be used. A 35 mm type earners 
with Panatomic-X or a similar fine grain film is recommended. In photograph- 
ing the accidental impression, the methods of Chapter 16 will be found useful. 

EXERCISES 

1. Place a fingerprint on each of several knives. Develop the prints using differen 
powders, such as black powder, gray powder, white powder, red powder, etc. Compan 
the detail developed in each print. This experiment must be conducted several times t* 
yield instructive results because of the difiiculty of placing equally good prints on eacl 
knife. 

2. Repeat the experiment using glass surfaces. 

3. Using a large glass surface develop prints by means of the duster, brush, an< 
atomizer. What difference are there in the quality of the developed prints, the tim 
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consumed, and the relative ease of use? What recommendations would you make for 
the use of each? 

4. Usin^ a duster and prints on a polished wood surface determine the effects of 
careless development by using light and heaw strokes in the development of alternate 
prints. Develop one or two prints with a careful, light touch and examine the prints; 
continue with vigorous strokes and note any disappearance of detail. Examine the prints 
with a lo^^■-po^ver binocular microscope at each stage. 

5. Place fingerprints on about ten sheets of paper. Place two sheets of paper in 
each of fi^'e envelopes on \\'hich has been inscribed the date. After two da\s, remove 
one envelope and develop one sheet of paper by the use of powder; use the iodine fuming 

method on the other. Compare. 

6. .\fter another \veek, select another envelope and repeat the above procedure. 
Compare with the results obtained after a few days. Fix the iodine prints by one of the 

methods described in the text. 

7. Select another envelope at this time and use the osmium tetroxide and silver 

nitrate methods. Compare with the results from 5 and 6. 

8. After one month select another envelope and repeat the procedure of 7. After 

comparison, remove the silver nitrate prints with mercuric chloride. 

9. Repeat 7 after three months. Use hypo to fix the silver nitrate prints. 

10 Place several sets of fingerprints on a smooth surface. Develop these prints using 
appropriate pow'ders. Lift the prints by means of each of the foUowing transfer methods: 
(a) rubber lifters, (b) transparent tape, (c) photographic paper, and (d) photographic 
film Identical prints should be lifted in each case. Compare the results. Compare the 
methods in regard to the quality of the lifted print and the practicability of execution. 

1 1 If <:ilver sheets are available, an experiment can be performed on greas\ finger- 
prints .■ It ts ill be found that many apparently greasy fingerprints are susceptible of pow^r 
development: hence a grease such as vaseline should be used so that powder metho^ 
will be precluded because of smudging. Place such a set of prints on glass. Transfer the 


prints by the iodine-silver method. 

12. Examine a finger under a hand magnifier or microscope to obsers-e the presence 
of pores ^ j^icroscope examine a fingerprint made with ink at about 40X. Com- 

”^^"l 4 °VlaLTmpressions on various kinds of surfaces such as glass metab etc. 

these impressions u ith a hand magnifier for pore patterns. Develop the impressions 

with a powder and e.xamine again. r • c unHpr 

1 5 Place impressions on glass slides and develop by lodme fuming. Exanune 

the microscope. Compare ivith an impression on glass developed wi P°' ' 

16. Prepare an impression using the method given in sec. 24. Compare 

impressions made on the glass slides. 
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CHAPTER 9 


FOOT AND 
TIRE IMPRESSIONS 


PLASTER CASTS 

Bv far the best means of studying an impression in mud, snow, or other sur- 
faces is that of the plaster cast. Quite frequently, a properly made cast will offer 
much more information to the eye than the impression itself. .Shoe and tire 

impressions are not infrequently found in connec- 
tion with crimes, even in large cities. Tool and 
weapon impressions at times will also provide good 
subjects for plaster casts. 

1. BEFORE CASTING 

A photograph of the shoe or tire impression 
should always be made before a cast is attemped. 
A ruler should be placed at the side of the impres- 
sion and the photograph made with the plate of 
the camera parallel to the surface bearing the 
impression in order to avoid distortion. A photo- 
graph should also be taken from the angle which 
reveals the most detail. The 35 mm camera is ad- 
mirably adapted to this kind of work, particularly 
when there are many footprints to be photographed. 
Panchromatic film should be used for footprints in 
earth. Process film will supplv the necessary con- 
trast for footprints in snow and sand \vhere there 
Fig. 53. The foot impression is onlv a verv small range of light intensities; how- 
before casting. low-contrast film should also be used to avoid 

possible errors. 

The impression should be carefully measured with compasses and ruler 

before it is touched. The distance from the front of the sole to the rear of the heel, 

the length of the heel, the width of the front of the heel, and the width at the 
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widest part of the sole should all be measured. The nature of the soil bearing the 
impression must be carefully studied in conjunction with the weather which has 
prevailed since the print was made. In some soils such as clay, the original 
impression may suffer considerable contraction and distortion on exposure to 
sunlight or rain. 

2. MAKING THE CAST 

Although various preparations are recommended for casting, it will be 
found that plaster of Paris of the best grade will give the most satisfactory results. 
Commercial preparations such as Albastone offer the additional advantage of 
greater hardness. 

A container is partially filled with water. Plaster of Paris is slowly poured 
into the water until the water can no longer absorb any more. Seven parts plaster 



59, Spraying the impre«ion with Fig. 60. Applying a layer of talcum 
•hellac. powder. 


to four parts water is a satisfactory mixture. The plaster is then mixed by hand 
until there are no lumps present. Water or plaster may be added until proper 
consistency U obtained. The mixture should have the fluid characteristics of 
cream. When the plaster is poured into the print, it should not be held high 
abo\e the print, but should be poured from a low level, if possible breaking its 
fall by means of a spoon. The spoon should be used to spread the plaster evenly 
v^ithoul touching the print and to aid in pre\enting air bubbles from forming. 

When the layer of plaster is almost one-half inch thick, small sticks are care- 
fully placed on the plaster to reinforce the cast. supply of tongue depr^sors 
should Ik- at hand for this purpose. The sticks should not extend beyond the 
outlines of the print. .\s soon as these sticks have been placed, a second la>er o 
pl.istrr Is poured in until the total thickness is an inch or more, depending ipon 

the drpih of the impression. P.i,cr.r 

Thr,. oprra.iom ,hould b. (performed wi.h rca^nablc rapid, y. Thr p “ler 

has a irndcncy to sculc lo the bottom of the container, leas ing on > a q 
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ton- hence, it should be stirred before the second layer is poured^ If the 
operator delays too long, he will find the first layer hardening be ore is ca 

is complete. The plaster should be 
permitted to set for fifteen minutes. 

Plaster of Paris is partly hydrated 
calcium sulfate (CaS 04 ) 2 - HoO. On 
being mixed, the plaster takes up 
water of crystallization and forms 
into a hard mass. The reaction is 

exothermic, and hardening is indi- 
cated by the rise in the temperature 

of the mass. 

The procedure described in the 

musttlmo^iSd msuit the medium in which the impression is found. Sno^v^ sand, 
dust and flour may require different techniques, some of which are given below 
It will be found that many of the casting procedures described in various texts 
survive chiefly because of the dignity which age has given them. In scientific 
hackeround, most of these recommendations are comparable to cooking recipes, 
and departure from literal instructions may be contemplated with equanimity. 
The one rule of value is the following: Before using any casting procedure on 
an impression in a difficult medium, such as sand or snow, place another foot 
impression in the medium and make an experimental cast. 



Fig. 61. Pouring the plaster. 


3. CASTS IN FIRM SURFACES 

Earth, mud, clay, and similar substances provide a relatively firm base for 
making a cast. Their comparative rigidity and cohesiveness render them fair > 
simple subjects in casting ; nevertheless the surface of the impression usually 
bears detaU which may be delicately formed and composed of small, discrete 
masses. The weight of the plaster may somewhat deform this detail un ess 
certain precautions are taken. To increase the rigidity of this surface detail a 
thin layer of sheUac dissolved in alcohol is spread on the surface by means of a 
sprayer of the kind used for spraying insecticides. The shellac is carefully sprayed 
from a distance of several feet so that the air pressure wUl not affect the detail 
of the impression. After several minutes the shellac will have hardened, and a 
thin layer of talcum powder is sprinkled on the layer of shellac. The plaster is 
then poured in. When the cast has hardened, the shellac is peeled off. The 
talcum powder permits the peeling of the shellac without affecting the cast. 


4. CASTS IN SNOW 

It is not possible to give a general prescription for making a cast in snow 
because the kind of snow and the conditions under wffiich it is found are many 
and varied. One method which is commonly recommendedi consists in laying 
down a thin layer of talcum po^vder followed by a layer of sprayed shellac. This 
nrocedure is repeated twice. The plaster is then poured in with a spoon. Where 
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snow is near the melting point, however, as in the case of snow on the roof of a 
heated building, this method may not yield success since the hardening of the 
plaster is an exothermic reaction. The plaster must be permitted to cool con- 
siderably, before it is poured ; otherwise it will melt the snow and sink into it. 
The thickness of the mixture is quite important in these circumstances. After 
the plaster of Paris and water have been mixed in the usual manner, the solution 
should be left standing for about five minutes. The thickening of the mixture 
will adapt it admirably to the purpose. Naturally the mixture should not be 
permitted to become too thick. The optimum density may be determined by 
periodically testing the mixture by pouring a spoonful on the snow. When the 
point is reached where the plaster does not penetrate the snow, it should then 
be poured in the impression. Another method- of plaster casting in snow is to 
sil't a thin layer of the dry plaster over the print and permit it to stand for ten 
minutes. .Another layer is sifted over the print and the print is then given a fine 
spray of water. 

The problem of casting in snow has been approached from a different point 
of view bv Karlmark.^ Instead of decreasing the temperature difference between 
the casting; medium and the snow, he uses a medium — sulfur — which has 
an exceptionally poor capacity for heat conduction and a low specific heat. A 
wall of snow is built around the foot impression and a small hole is made at one 
end for the entrance of the sulfur. Flowers of sulfur in sufficient quandty (about 
5 pounds for an impression) is heated until it is melted. The sulfur is then re- 
moved from the heat and permitted to cool until scales appear on the surface. 
The liquid should be stirred continually throughout the process. A scoop is used 
to pour the sulfur into the hole through which it flows out on the impression. 
Five to ten minutes are required for hardening. 


5. SAND, DUST, AND FLOUR 

Ses'cral problems arise when a cast must be made in these media. First, the 
lack of cohesion among the panicles presents the danger of losing detail because 
of shifting under the weight of plaster ; second, these substances may be dissolved 
by the pfaster; third, these substances will adhere to the plaster and cannot be 
washed off. To meet these difficulties, a layer of shellac is first placed over the 
impression. Considerable care must be exercised to avoid disturbing the pow- 
dery- outlines. Next the shellac can is removed from the sprayer and a can of 
light oil is substituted. .After the shellac has dried, a thin layer of oil is sprayed 
m\'r the coat of shellac. The plaster Ls then carefully poured in wth a spoon. 
In place of shellac Trsffiorn^ recommends a 4 per cent solution of cellulose 

acotatc in acetone. 


6. HASTENING, RETARDING, AND HARDENING 

Sometimes it is desirable to hasten or retard the setting time of plaster. Foi 
example, shortening the setting time is necessary in casts of living subjects; re- 
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tarding is sometimes necessary to provide more time for working on the cast. 

The following formulas are recommended by Clarke 

Hastening — A thick mixture of plaster will set more quickly than a thin one; 

hence, the addition of more plaster to the mixture will shorten the setting time. 

One-half teaspoonful of common salt may be used to increase the spee o 

setting. This should not be used for casts in snow. 

Retarding — A saturated solution of borax (approximately 23 C) is added 

to ten parts of the water to be used in making the plaster. 

Hardening — To give a dried cast greater durability it can be placed m a 

saturated solution of sodium bicarbonate (23 C), and allowed to remain in the 
solution for some time. It is then removed and dried. Various other procedures 

for these purposes are given by Clarke. 


7. COMPARISON OF THE CAST WITH A SHOE 



It is not always a simple matter to identify the shoe of a suspect as being 
unquestionably the shoe that made the impression at the scene of the crime. The 

large-scale manufacture of a few pre- 
dominant brands of shoes gives the 
defense counsel grounds for estab- 
lishing a strong doubt concerning 
the unique correspondence between 
the cast of the impression and the de- 
fendant’s shoe. In many cases, the 
sole of the cast is without character- 
istics except for the shape of the 
shoe. The era of cheap shoes has 
led many people to the habit of 
purchasing new shoes rather than 
repairing old ones. An old, repaired 
shoe is ideal for characteristics. Half 
soles leave a pattern of nails in the 
impression and cut the outer edge 
of the shoe at characteristic angles. Fig. 62. Plaster cast of a heel impression. 

In the great majority of cases, how- 
ever, most of the characteristics will be found in the heel. The trade name is 
frequendy revealed. Marks of wear, protruding nails, and other defects tvill 
be helpful in establishing a correspondence. 


FOOTPRINTS AND WALKING PATTERNS 

The traditional representation of a detective portrays him in eager scrutiny 
of the foot impressions which the criminal has conv'eniently and carefully left 
behind in the course of his crime. The humor of this characterization has in 
recent days probably been influential in dissuading the average detective frcm 
a proper study of footprints. Another deterrent to the popularity of this study is 
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the increase in the number of paved streets in cities and towns. The infrequency 
with which good footprints are found, however, does not gainsay their great 
value as evidence. Too many cases have been solved in this manner to coun- 
tenance any mitigation of the worth of footprints by the “practical” detective, 
whose fund of faith is completely absorbed in quizzing witnesses and suspects. 

As in the case of other impres- 
^ ' ' sions, the greatest obstacle to the 

' analysis of foot impressions is the con- 


to the original 
situation by the discoverers of the 
I crime: relatives and neighbors of the 
I victim, and even police officers. This 
I gathering may sometimes include 
f thirty or forty persons. It will be as- 
sumed here that the investigator has 
. happily reached the scene early and 
has found a set of foot impressions 
' which he may reasonably expect to 
have been made by the criminal. 

8. FOOTPRINTS IN EARTH 

( “t We shall take up first the case of 
foot impressions in earth, snow, or 
other substance susceptible of receiv- 
ing an indentation from the foot or 
ns. shoe; later the case of a print on a 
smooth surface will be treated. Usu- 
be isolated but will be accompanied by 
Ip a nattern of the owner’s behavior in 


ally a footprint m 
other impressions \v 


walking. • 

In order to form a true appreciation of the individual foot impression, it is 

necessar>- to study the manner in which it is produced. On walking, a person 

shifts the weight to the foot at the moment when it reaches the ground. T e 

weight shifts from the interior of the foot to the exterior, producing a slight twist 

in the front of the impression. When the heel is placed on the ground, the outside 

part of the back of the heel usually produces the strongest part of the impression. 

This may be verified by ob.serving the wear on the heels of the average person s 

shoe The weight then shifts to the ball of the foot, which produces its impr^sion 

as the walker drives fonvard. Finally, the weight shifts to the front 

the foot leaves the ground. The deep impressions will be made by the heel a 

toe. In hard ground only these outlines as indicated may be seen. 

In studying such impressions the imagination should constantly be emp oy 

in their interpretation. If a person U carrying a load or walking ^ 

cu. should be expected in the front of the impress, on In runn.ng rap.dly the 

heel itnpression will be deeper than that of the toe ; in slow running PP 
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wUl be true. If the impression is found in mud or snow, a slight shift forward will 
be expected because the heel does not meet the surface solidly, but slips forward 
as the surface yields. It should be apparent to the investigator that great caution 
must be exercised before any conclusion is reached concerning the size of a shoe 
which should be expected from observing its impressions. 


9. WALKING PATTERNS « 

When a number of consecutive footprints are found, it is possible by con- 
sidering them in relation to one another to deduce some of the characteristics of 
the owner’s manner of walking. Certain lines drawn with relation to the foot- 
prints will be found to make fairly constant angles with a chosen line of reference. 

We shall consider some of these lines. 


Direction Line 

The walker is usually progressing toward a given point along a straight line 
the direction Urn. This line is a natural choice for an axis of reference. In Fig. 64 



Fig. 64. Walking patterns; (a) the direction line passing through the heels; (b) feel 
placed at the side of the direction line; (c) feet crossing the direction line. 
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this line is drawn as XX'. It is the line about which the footprints are placed 
symmetrically. Three cases present themselves: (1) Fig. 64a, where the direction 
line passes through the heels; (2) Fig. 64b, where the footprints are not crossed 
by the direction line; (3) Fig. 64c, where one foot crosses the other. Case (1) is 

the normal manner of walking. 

Movement Line 

If the mid-points of successive heelmarks are joined by YT, as in Fig. 64, 
we have the line along which the body moves ivith each step. In Case (1), the 
normal walk, this line coincides with the direction line. In the other cases this 
line will cut the direction line at a constant angle which is measurable. 


Foot Angle 

If tangents are drawn along the front and rear curves of a footprint at the 
extreme points, a line drawn perpendicular to these Dvo lines, which are ap- 
proximatelv parallel at these points, may be referred to as the/ool line. It is 
simply a line of reference in the foot itself. The angle which this line prolonged 
makes with the direction line may be called the foot angle. This angle may be 
different for the left and right foot. If a sufficient number of prints are present, 
it will be found that these zmgles are fairly constant for a person walking at a 

fixed pace. 

Length of Step 

This may be defined as the length of the line joining a mid-point on the heel 
of one footprint with the corresponding mid-point on the heel of the next. 
The len<nh of step varies with the size of the person and the rate of walking, 
among offier things. Its value may range from 20 to 40 inches the average value 
beinc^ about 28 inches. Hesitancy or lack of famUiarity wath the ground will lead 
to shorter steps; running or fast walking will produce a longer step. 


Analysis of a Walking Pattern ^ ^ 

By means of a tape measure and a large protractor' (Fig. 65) it is posstble 

to mLnre these tour characteristics: direction line, movement ime, foot ang^ 

and length of step. For a few scat- 
tered impressions they will have litde 

^ importance ; for a long series of im- 

pressions, however, the four charac- 
teristics, carefully measured, will give 
a highly individual walking pattern 
that can identify the owner. Taken 
together with the imprint of the 



Fig. 65. Protractor for meaauring angles in 
walking patterns. 


vincing evidence. 

It is possible from the walking pat- 
tern to make a shrewd guess concern- 
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ing the height of the owner and several of his walking characteristics. Drunken- 
ness, pregnancy, paralysis, age, and various infirmities reveal themselves in 
walking. However, a study of this aspect of the ^valking pattern may soon lead 
to pure speculation without factual basis. 

SURFACE FOOTPRINTS 

The surface footprint is produced by the depositing of material on the sur- 
face by the foot or shoe. \\ hereas the foot impression deforms the surface, the 
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(a) (b) 

Fig. 66, (a) A footprint accidentally left by a burglar; (b) a comparison print made 
with the burglar’s shoe. 


surface footprint merely deposits a layer of dust, liquid, or perspiration upon it. 
The most common print of this type is a shoe print. Figure 66 illustrates a case 
of this nature in which shoe prints were made on paper during a safe burglary. 


10, DEVELOPING SOLE PRINTS 

Footprints which can be developed by the usual methods of fingerprint 
development occur infrequently. Large tile bathroom floors, paper on floors, 
polished wood and other surfaces can readily receive such prints. The friction 
ridges on the sole of the foot will leave a deposit of perspiration under the 
proper conditions. The development of these prints is accomplished by applying 
the appropriate technique as described in the chapter on fingerprints. 
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11. CLASSIFICATION OF SOLE PRINTS 

1 h<- Ml ihr tri( Th'U ndu'*-' mm ihc M,t<- ot lll<* I>K.I MIL'U'rMS thr usr 

.,1,- pnno .IS a UK-, .ns ot idrnuhc.uu.n, W .l.I. r and \Vrmw...lh‘ have desiM-d 

.1 nii ili'Ki i)t t lavsiti. atii .n Some h<rs- 

pna!" make a record ot the vjle prinu 
(it lialiies as a inean> ot identitication. 

For the [)ur[H)ses of the lalxir.itorv in- 
\este.;aiur it is ‘■uliitieni to know that 
the frietion skin of the IikiI is urown in 
a pern.anent pattern and that a ret ord 
of this pattern can lx- used as evidence 
where a suspect has Ix-en found with an 
identical pattern, i The remarks tjf this 
section are applicable to dermal pat- 
terns in creneral. Palm prints, for ex- 
ample. will be found to (X-cur quite 
frequently at the scene of the crime.) 

12. SURFACE PRINTS OF A 
FOOT OR SHOE — 

NO DEVELOPMENT 
NECESSARY 

The dust which accumulates on a 
shoe or foot frequently is deposited on 
surfaces such as linoleum, oilcloth, pol- 
ished wood. etc. -A footprint or shoe 
print found on any surface should first 
be photographed. Where it is difficult 
to see the footprint, oblique lighting 
should be used. ^Vhenever possible, 
the camera should be placed directly 
over the print with the lens and plate 
parallel to the surface. ThU wUl at 
times be difficult or impossible because 
of the lighting conditions. A scale 
should be included in the photograph. 
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qg. 67. (a) Part of a footprint “ 

.athroom floor; (b) comparison print 

13. METHODS OF LIFTING ,,rint. Usually « is not feasible 

The ne.xt problem is that ^ We shall discuss some of the 

to remov e the surface on which the p footprints found on Unoleum, 

transfer methods The problem is simply that of 

jr:; S::t:^"ce m another, tvhtch ts portable and whtch 

may be preserv ed as evidence. 
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Rubber Lifters 

This transfer method is similar to that recommended for fingerprints. The 
reader is referred to Chapter 8 for a description of this method. 

Photographic Film 

A large sheet of unexposed photographic film is treated, i.e., fixed, washed, 
and dried. Before use the gelatin side of the film is moistened or breathed upon 
until it becomes tacky. If the film is moistened by means of cotton dipped m 
water, the e.xcess moisture should be allowed to evaporate. W ith the gelaun 
side down, press the film carefully against the footprint, smoothing it out with 
the hand. Peel off the film and allow it to dry completely by laying it on a table, 
gelatin side upward and weighted or clamped in a film holder to prevent curling. 

In the above process the gelatin has been used as a earner for the dust, which 
is now imbedded in the emulsion of film. The preparatory treatment of the 
film provides a clear surface for the dust outline. The film should now be pro- 
tected by means of an envelope or glass frame. At the laboratory the footprint 
may be again photographed, if the photograph at the scene was not entirely 
satisfactory. Sometimes the film can be printed in the usual manner (as though 
it were a negative), thereby giving a white outline of the print in the positiv'e. 

Photographic Paper 

This process again utilizes the gelatin of photographic material. In this case 
the material used is ordinary photographic paper (Fig. 68). If a dark back- 
ground is desired, such as in the 
case of a print made from stepping 
in flour, the paper is exposed, devel- 
oped, fixed, washed, and dried. If a 
light background is needed, the paper 
is fixed, without exposure, washed 
and dried. Before use the paper is 
made tacky by the methods already 
described. It is then pressed against 
the print, smoothed out, peeled off 
and left to dry. A photograph of the 
print on the paper should also be 
made. 

Cellulose Acetate and Pyroxylin 

Another type of carrier for remov- 
ing a print can be prepared by using a 
solution of a dissolved, solid, organic 
material which will harden into a 

transparent film upon evaporation of gg. Heelprint in white dust lifted with 

the solvent. Pyroxylin, cellulose ace- photographic paper. 
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tate, collodion, or similar substances may be used. Suitable solvents are alcohol 
and ether, amyl acetate, etc. Tryhorn^ recommends the following solution: 


Cellulose acetate 

4 g 

Acetone 

50 ml 

Benzene 

24 ml 

Ethvl alcohol 

24 ml 

Bcnzvl alcohol 

3 ml 

Triphenyl phosphate 

1.5 g 


The solution can be brought to the scene in a tightly corked bottle. It is then 
transferred to a sprayer and sprayed on the impression until the proper thickness 
is obtained. The solvent will evaporate. When the substance is completely dry, 




Fig. 69. Tire impressions in earth. 


i, can be carclully removed by cut.ing .-md placed bemeen two pieces of gto. 
Photot^apL of .L lifted prints should be made. The lifted film should also be 

ary surfaces. UnfinUhed or 

tackv surfaces will cause the film to adhere. 


TIRE IMPRESSIONS 

The modern criminal finds the automobile 
equipment ; absence of fingerprints or other 

:rs."they .na;^:::^ o“nl":iue to the perpetrator. ,f the tire marhs are on 
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a surface such as asphalt, a photograph should be made; if they are m soil 
both a photograph and a cast must be made. 


14. DIRECTION OF TRAVEL 

If a car is traveling forward in a straight line only the impressions of the rear 
tires will be visible; going backwards, only the front tires \\'ill leave a mark. If 
the car is turning, all four tires may be visible. It sometimes happens that the 
car is driven into an empty lot and then backed out along the same tracks. 
In such a case only the front wheels will leave an impression in the soil. 




Fig. 70. Tire impressions in snow. 


On asphalt or other hard surfaces oil drops are a good indication of the 
direction in which the car was traveling. The drops taper toward the direction 
of travel. On unpaved roads the direction may sometimes be determined by the 
small masses of dirt which are carried along and thrown on the side by the 
wheels in the direction of travel. These small masses will taper towards this 
direction. In hard ground such as earth, mud, or snow, the weight of the wheel 
may sometimes detach small masses of the material in a serrated or sheaved 
manner. In order to smooth out this earth the leveling operation would have to 
be carried forward in a direction opposite to that in which the vehicle ^vas 
traveling. 
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15. MEASUREMENTS 

The distance between the wheels is usually unimportant except to distin- 
guish bet\veen passenger cars and trucks. The breadth of the tire mark should 
be measured since it will have value if the full width of the tire has been im- 
pressed on the ground. Almost every tire is marked by indentations or buttresses 
on the edges. These buttresses produce striations in the dirt on the edge of a 
tire impression in earth. The striations are usually perpendicular to the direction 
of travel in the plane of the ground. Frequently these regular indentations are 
the only valuable part of the impression, especially in snow and mud ruts where 
the tire paths may be composed of hard or smooth ground, but the side walls, 
being relatively soft, retain the pattern of the edge of the tire. The number of 
these striations in a given length should be determined. If possible a length of 
eight feet or more should be chosen. The approximate number of these marks 
on the whole tire can be determined by the following calculation : 

If n is the number of marks in the measured length L, then n/L = N the 
number of marks per unit length. The number of marks M that would probably 
be found on the periphery of the tire is 

M = NC, (1) 


where C is the circumference of the tire. 

In the case of passenger cars, the average tire diameter is approximately 

27.5 in. Then 

C = 27.57r, and M = Zl.SirN (2) 

Equation (2) is a practical formula which can be employed when tire 

patterns are found and the width is indicative of a passenger car. 

When the tire mark is small, say a foot or so in length, the application of 
these formulas will result in rough approximations only. The reason for this is 
the fact that the indentations or buttresses are irregularly placed on the tire 
(for acoustical and other reasons). Thus, a small number of striations represent 
the distribution of these marks on a tire in a rough fashion only. Even this 
approximation, however, wUl often be found helpful. 


CLASSIFICATION 

KEY 


CLASSIFICATION 


The problem of determining the brand of a tire from a photograph or a cast 
f iK ilnreLn is not always a simple matter. One solution is to visit various 

Le dealL for their opinions. This is practicable, however, only m 
where a large variety of tire manufacturers is represented. Another procedure 

“ .he t “ iLnologUc. ha. d«i»d a c.a..dicaUo„ « 

j- cvmmetrical and asymmetrical forms, ine 

which tire patterns are ivi y dassiBed into bands, 

geometrical shape °f te.S are asstgned to each type and Ute 

'"esTexp'r^dt a trlcdon. This method has the defect, however, of depending 
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upon a somewhat arbitrary interpretation of the nature of the geometrical 

he authors have found that a more convenient and less arbitrary method of 
classifying tires mav be based on the number of striations or buttresses on the 
outer edge of the tire. This method would not depend on the central surface 
pattern of the tire but only on the edge markings. The determination of a 
classification key for a tire, intact and in the possession of the laboratory, is an easy 
matter. The total number of striations M on the tire is counted; the outMde 
diameter of the tire is measured, and the circumference is determined. The 
quotient N = M/C is the classification key of the tire. With a little work, a 
laboratory file can be constructed which catalogues the tires of the various 
manufacturers according to classification key numbers. At the scene of the crime, 
the number of striations n in the tire impre.ssion is divided by the length of the 



Fig. 71. Tire specimens for reference. 


impression L \ the result is a^ain .V, the classification key. 1 hus the classification 
key determined from the tire itself is quite accurate; as determined from the 
impression left at the scene of the crime, it is possible for the calculated value 
to vary somewhat from that found in the files. In the laboratory files therefore, 
tires of which the classification keys are in the region of the one calculated from 
the impression found at the scene are studied for additional pattern character- 
istics such as shape and contour of the buttress marks, design of pattern of the 
central pattern of the tire, etc. From a comparison of these additional character- 
istics it should be possible to limit to one or two the types of tires which could 
have made the impression. If no tire is found in the file with a corresponding 
classification, the approximate number of marks on the tire (which made the 
impression) can be calculated in the case of passenger car tires by assuming a 
diameter of 28 inches and using equations (1) and (2). The deviation in M due 
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to a slio-ht error in the circumference C is relatively small. This value of M will 
be helpful if it is necessary to search the tire field for other possibilities. 

The restriction of using the edge markings of the tire as the basis of classifica- 
tion is justified by the frequency with which these side markings are found in tire 
impressions in soil tvhere the central part of the pattern is absent, or in cases of 
■‘bald” tires. Naturally, cases occur where only the central part of the pattern 
is present, but in these cases the surface is relatively hard and the tires do not 
sink in. On the ordinary soil surface, the car will usually sink in to a sufficient 
depth to sive side markings. Moreover, dirt roads are usually marked by 

various ruts or wheel tracks which have a 



Fig. 72. Plaster cast of a tire impres- 
sion. 


small bank, and it is against this bank that 
the side markings are impressed. 

It is not implied here that this method 
of classification by side markings is com- 
pletely satisfactory; that is to say, this 
method will not infallibly point to a spe- 
cific type of tire as corresponding to the im- 
pression. It will, however, gready restrict 
the search, and when taken in conjunction 
with the central pattern, will usually iden- 
tify the type of tire. A complete tire file 
should have for each tire a photograph of 
the central tire pattern and a photograph 
of the side of the tire. These photographs 
should be filed under the classification key 

together with manufacturer’s data. 

The number 6.00-16 or similar num- 
bers found on tires refer to the outside 


diameter of a tire in inches. The number 16 refers to the diameter of the nm, 
the number 6.00 to width of the tire from the rim edge to the outer edge of the 
tire. Hence. 6.00-16 would s:ive an outside diameter of 28 inches; i.e.. 


16 + 2 X 6.00 = 28. 


EXERCISES 

1. Apparatus: Spraver, several pounds of fine grade plaster of Paris, tablespoon, 
two rubber cups, can of and talcum and 

f:()mi)arc the results in both patterns. 
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4. Vary the length of steps by walking and running at four different rates. Measure 
four steps at each rate and compare. 

5. Request two persons differing in height by six inches to make a set o oot impres 

sions. Measure the length of step in each case and compare. 

6. Select a set of impressions and measure the length of several. Estimate the length 

of the shoe of the owner. Measure the length of the shoe and compare. 

7. Using flour or fine dust make four footprints on a linoleum surface. Apply in 

order the four methods of lifting given in sec. 13. Compare the results. 

8. Prepare a footprint in dark dust on a dark linoleum floor. Experiment wit 
fighting from various angles. Photograph for contrast and minimum distortion. 

9. For this experiment an automobile must be available, particularly one that has 
se\^eral different types of tires. Select a section of ground which is receptive to tire impres- 
sions. Run the car forward ten feet in a straight line. Alight and notice the impressions. 
The impressions of which wheels are visible? Back the car carefully over the same track. 
What impressions are now visible? Drive the car a short distance and turn. Observe the 

impressions of the four wheels. 

10. Select the best of the tire marks and make a plaster cast, suiting the preparation 
to the soil. 

11. For each tire mark select a length of eight feet or more and count the number 
of striations or edge markings in the length. Calculate Measure the diameter of each 
tire and count the number of striations on the edge of the tire. .Again calculate jV* and 
compzu-e with the experimental results. 

12. Restrict your attention to a 14-inch (length) portion of one of the tire impressions 
prepared as directed in exercise 9. Assuming that this fragmentar>^ pattern (14 inches) 
is all that is available, determine jY. How does this value compare with that determined 
from the tire itself? With that determined from the 8-foot length? 

13. If the number of side marks or striations found in an impression is 16 and the 
length of the impression is 10.5 inches, calculate the total number M of the markings on 
the tire, assuming an outside tire diameter of 28 inches. 
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CHAPTER 10 


TOOL IMPRESSIONS 


1. INTRODUCTION 

A valuable clue in the investigation of many crimes is the discovery of ar 
identifying mark of the tool which was used in the act. This tool may be th< 
implement which was employed to accomplish the break in a burglary, or it ma^ 
be the weapon used in an assault. The nature of the tool is usually determined b) 
an examination of the mark or indentation which it has left on some wood surfact 
or on a metal part. If the search for the tool is successful, the investigator i: 
faced with the problem of matching the tool with the tool impression. Sometime: 
the tool mark will indicate the degree of skill with which the tool was used. Ir 
rare instances small particles of metal or paint from the area at which the imple 
ment was applied will be found, and a subsequent spectrographic or x-ra^ 

diffraction analysis may yield conclusive proof. 

The ultimate purpose of a comparison of the tool with the impression is t< 
demonstrate that the impression was made by this particular tool. It is not fre 
quently, however, that this can be satisfactorily shown. Ordinarily, the investiga 
tor must be content with proving that the impression was made by a tool o 
this type^ e.g., by a ball peen hammer of a certain size. The desideratum, never 
theless, should be the identification of the individual tool. 

The method of proof in such an investigation is similar to that of a firearm 
identification. The characteristic marks of the impression are produced b' 
defects in the tool. A test impression is made with the tool, and the character 
istics of the test impression are correlated with those of the impression foun< 
at the scene of the crime. The greater the percentage of characteristic mark 
that are common to the two impressions, the stronger is the proof that the 
were made by the same instrument, since the probability increases exponential!' 
with the number of characteristics (Chap. 45). 

Tool impressions may be placed in two classes accordingly as they ar 
made by 

(a) an instrument such as an axe, hammer, or pliers, which touches th 
area only once in producing the impression. 

(b) an instrument such as a saw or file, which is applied in repeated stroke 
over the same area. 
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It is difficult to identify tools which produce impressions of the second class. 

It is those of the first class with which we shall be mainly concerned. 

2. PROCEDURE AT THE SCENE 

On disco\-ering a tool impression such as a jimmy mark on a wndow or a 
hammer mark on'^wood, the first step should be the photograph. Two photo- 
graphs should be taken : one showing the background or setting of the impr^- 
Ln. e.g.. the tvhole Avindow in the case of a jimmy mark; and another showing 
the impression alone, i.e., a close-up such as a one-to-one photograph made 
with a 35 mm camera. A ruler should be included in both of these photographs. 

A mold of the impression should now be made by means of modeling clay 
or plasticine. It is advisable to make nvo or three molds to insure a faithful 
reproduction. This mold is a replica of the tool itself. At the laboratory a cast 
must be made to reproduce the impression. Casting methods for this type of 

impression are described in Chapter 11. 

If it is at all practicable, the surface bearing the tool impression should be 

removed and taken to the laboratory. The photograph and cast should, of 

course, first be made in situ. At the laborators^ however, these processes can be 

repeated with greater success because of the advantages of equipment and 

choice of materials. 


3. PROCEDURE AT THE LABORATORY 

It is assumed that the tool is now available to the investigator for comparison 
with the impression or its cast. In order to make a comparison it is necessary to 
produce test impressions with the tool in question. Before th^ is done, the t^ 
should be examined for any traces of metal or wood which svould connect it 
with the original impression. An examination of the blade of the tool should be 

made under the binocular microscope for minute particles. 

The procedure emploved will var>- with the type of mark which is being 

dealt with. 3Ve may classify tool marks for this purpose as follows: 

(al Compression marks, which are produced by a single application of ffie 
tool in one area of contact, for example, the impression of a simple blow 

of a hammer. , . , ^ , 

(b) Friction marks, which are a series of scratches or stnations produced by 

pushing a tool such as a screw driver across a surface. 

1„ bo.h caic .he mark ..ill vary with ,he manner in rvhich .he 
The„ varia.iom rvill be discussed under fricuon marts s.nce .. rs m dns class 

that the variations are of greatest importance. 


?c"ar'of.re “Jtn be made and compared rvidr a „ega.ive cas. of 

impression These ihree-dimensional rcprodoc.ions are eacellen. tor compai^n 

.. here .he impression is relatively deep as in case of a hammer “ ^ ^ 
" t f vxrd. Where .he impression is shallow, however, cas.mg does no. always 
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give satisfactory results. Chisel and knife marks are examples of the latter class 

^A^photographic comparison should be made next. This can best done by 
making an impression with the tool on material similar to that on which t e 
original impression was found. The two impressions can then be photographed 
together and properly aligned in printing so that the corresponding character- 
istics can be readily seen. If the original impression has not been removed to the 
laboratory, the photograph taken at the scene is used for comparison. For t e 
purpose of court demonstration enlargements should be made and lines draw 

between characteristics where necessary. 

The advantages of both of the above methods of reproduction can be com- 
bined in a stereoscopic photograph. For very fine markings a low-power stereo- 
micrograph is most satisfactory. Chapter 1 8 describes the technique of this type 

of photography. 


Friction Marks 

The identifying marks usually left by an axe, wire cutters, or jimmy are a 
set of parallel striations. Direct comparison of the tool will yield little informa- 
tion A photograph of the mark found at the scene and a test mark made at the 
laboratory on a similar material will provide the most effective means of com- 

^^"in^making the test mark it will be necessary to experiment with the tool, 
applying it at various angles and in different directions. Burd and Kirk‘ have 
shown that in matching screw driver marks in lead a satisfactory match could be 
obtained only if the vertical angles at which the tool was applied corresponded 
within 15 degrees. When the angles differed by 10 degrees a match of 60 to 
65 per cent of the lines could be obtained. With a 20 degree difference a match 
of only 40 per cent was possible. A variation in the horizontal angle between the 
tool and surface will also affect the striations, pushing them closer together and 
altering their appearance. A correspondence of horizontal angles within 20 de- 
grees was found necessary for a convincing match. Tryhorn** has described the 
effect of variation of the angle of application on marks made by cutting tools 

and levers. 

The criteria for determining when a convincing match is obtained must be 
drawn from experience, common sense, and the laws of probability. A perfect 
line-by-line match is never obtained. A large proportion of lines in each mark 
should correspond. Burd and Kirk^ point out that the number of matching lines 
should be considered in conjunction with their proportion to the total number 
of lines. Out of 100 lines they consider a match of 60 as constituting an identity, 
and a match of only 40 as insufficient to justify such a judgment. This precaution 
is observed because of the fact that two tools of standard manufacture may 
match in 20 to 25 per cent of the lines. A match of only a few lines, however, 
will constitute an identity when these lines represent a high percentage of the 
total number of lines present. For example, if only 10 lines are present and 8 ol 
these match, this number would suffice. 
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4. MICROSCOPIC EXAMINATION 

I'hc charactcrisiics of a tool impression which arc of cvidcniial value arc 
usually fine ridges and lines which must be examined in a magnified iinaj^c for 
clear perception. All tool impressions should be examined under a low-power 
microscope of the Greenough binocular type. A comparison microscope is 
excellently adapted for the purpose. A magnification of 20 or 30X will be found 
sufficient. Greater magnifications are usually confusing because the relations 
between marks or ridges are no longer clearly perceived. 

The striations in the marks should not be examined merely for general 
geometric correspondence; the ridges and depressions must be compared 
individually for contour, depth, and height. The presence of material in the 
lines which would interfere with their usual formation should be noted. Particles 
of material which become separated from the surface are sometimes carried 
along by the instrument, clogging the path which would normally be formed. 

The investigator should not be satisfied with visual examination through the 
microscope; a photomicrograph should always be made. The impressions can 
be photographed together. If they are photographed separately, care must be 
taken to illuminate the ridges from the same direction. A low angle of illumina- 
tion will provide the necessary contrast. In preparing court exhibits enlarge- 
ments should be made. Notations can be made on the enlargement to indicate 
corresponding marks. Another method of demonstration is the use of trans- 
parencies. An enlarged transparency of each negative is made. When the trans- 
parencies are superimposed one set of ridges will be seen to lie exactly over the 

other set. 

A series of measurements under the microscope should also be made. A 
traveling microscope or a micrometer ocular may be used. The distances be- 
tween outstanding characteristic marks should be measured in each impression. 
The correspondence between these measurements will lend additional weight 

to the evidence. 


5. IMPRESSION OF VARIOUS TOOLS 

Hammers 

A hammer mav be employed in many %vays for accomplishment of a criminal 
aim It may, first of all, be used in a conventional manner in the construction 
of some object ^vhich will later be of interest in the investigation of the crime 
-for example, an improvised ladder. Secondly, it may be employed to force 
entry or to perpetrate an act of sabotage or malicious mischief. Thirdly, it 
mav be the weapon used in an assault. Unless the hammer is new and unused, 
is fac. ,vUl b. varioudy deformed from striking nails or nregular surtax 
When a surface such as wood or soft metal is struck by the hammer .t 
an impression of the hammer head. In some cas« *e defects of 
will be visible in the impression. The symmetry of the impress.on '^1 

tetf the hammer str.kes the surface flush, i.e., along a line perpendicular ,c 
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the surface. The unskilled workman strikes the surface at an angle and digs in 

at the side (Fig. 73). 


Cutting Tools 

Bv these are meant instruments with single blades, such as axe.s, 

razors planes, wood chisels, paint scrapers, etc. Slight nicks m t c ^ ^ " 

these instruments due to improper use are quite common. Indeed, the blade o 
even a new razor will under a microscopic examination of sufficient magmfi 
tion reveal not a straight line but a series of serrations. \S hen the blade of sue 
a tool is applied to a wood surface, the blade travels along the surface through a 
distance of an inch or more. The indentations in the blade of the tool leave 
ridges in the wood along their paths. On examination of the surface a series o 
lines can be observed. If the tool is used on another part of the .surface, the same 

pattern of lines is reproduced. 



(a) (b) 


Fig. 73. (a) Plaster cast of a hammer impression in wood; (b) face of hammer used to 
make the impression. 


If a tool with a broad blade is being studied, a large number of characteristic 
marks are visible to the unaided eye. A one-to-one size photograph of the mark 
in evidence and a test mark will suffice. An enlargement of 5X will be satis- 
factory for an exhibit. 

When a small blade such as a razor blade or a pocket knife is used, the width 
of the impression is narrower and the lines are much finer. In most cases it is 
extremely difficult to identify a blade from its mark in wood. The structure of 
the wood is usually too coarse to retain fine markings. 
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Shearing Instruments 

Scissors, shears, cutting pliers, and similar instruments in which two blades 
are brought together are frequently deformed by improper use. Scissors, for 
example, are designed for cutting objects of a particular class such as paper, 
cloth, or fingernails. When such a scissors is used on a surface for which it was 
not designed, a slight deformation may be produced. A small nick in one of the 
blades will produce an irregularity along the line of cutting. The identification 
of scissors^' ^ is usually of importance only in document cases where it is desired 
to identify the sender of a certain letter or paper which bears the marks of cut- 
tino-. Scissors and shears are quite difficult to identify because of the fact that 
the two blades pass over each other. Cutting pliers and pincers present a simpler 
problem, the two edges meeting after they have pa.ssed through the material. 

Crimes involving the use of wire arc 
not infrequent. The clipping of tele- 
phone wires, sabotage cases, the prepa- 
ration of a package containing an explo- 
sive are a few examples. The wire should 
always be held in evidence in these 
cases and examined for the characteristic 
marks of the wire cutters. If the wire cut- 
ters are subsequently found, they should 
be used to cut a number of pieces of 
wire similar to the wire held in evidence. 

A microscopical examination of the ends 
of the cut wires will reveal a number of 
characteristic striations. The shape of the 
lower end of the cut will usually be that 
of a parabola since the blade cuts the 
cylindrically shaped wire at an angle 
with the axis. The outline of this para- 
bola will bear defects which will be 
further developed as striations toward 

the end of the cut. In cutting sample pieces of wire, the cuts should be made at 
a number of places along the cutting edge since the characteristic mark^ a e 
different at diLrent parts of the cutter. The examination of the cut wires should 
be made with a binocular microscope at a magnification of twenty or thirty 
diameters. If it is found that samples of wire cut by the tool in quesuon are 
similar in characteristic marks to the wire held in evidence, a low-povver photo- 
micrograph (or stereomicrograph) should be made of the two and subsequenUy 

enlarged. Figure 74 illustrates such a case. 

Levers (Crowbars, Jimmies) K„ralarv 

These are the tools most commonly used in the commission of a burglary . 



Fig- 74. A comparison of wire cutter 
marks: the wire on the left, which was 
found at the scene, was cut by the same 
wire cutter used to cut the test piece at 

the right. 
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pmoloved in a rough manner and on hard materials, it is unusual to hnd marks 
which would characterize the individual tool. Crowbar marks, however, \m 
frequently be apparent. Figure 75 is a photograph of a crowbar mark on a door 
and the crowbar used to make this mark. Although the measurements ot me 
mark correspond to those of the crowbar, they are sufficient to show only that 

the mark was made by a crowbar of this type. 

The jimmy or screw driver is used to force a window or a drawer; hence 

it leaves its mark on a wooden or metal surface. This outline of the edge of the 

tool usually bears characteristic marks because of rough use to which such an 

instrument is put. Since considerable force is used in making such an impression, 



Fig. 75. A crow bar mark in a door and the crow bar used by the burglar in forcing the 
door. 


the depth of the mark makes possible a good cast with modeling clay. One 
photograph should be made with the edge of the tool in the position of the 
tool mark to show how the mark was made. Another photograph is made to 
show the edge of the tool slightly displaced from the mark so that the nicks 
of the edge and the corresponding marks in the impression can be readily seen* 
In making test impressions for comparison it will be found that variations 
of pressure and readjustments of the instrument produce important changes in 
the resulting marks. A number of experiments will be required before a satis- 
factory match is obtained. Soft lead is an excellent surface for test marks with 
tools of this class. 
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Pliers 

W'hcn pliers are used to twist a piece of metal or to loosen a nut, it is possible 
sometimes to obtain a characteristic impression. Of course, if the pliers are 
moved or readjusted in the process several impressions will be superimposed 
and a confusing pattern will result. A similar difficulty is encountered with 
wrenches; the continuous readjustment of the grip is prohibitive of good im- 
pressions. Tryhorn*^ describes a case in which a satisfactor\* identification was 
made with spanner marks on valves. 

Files, Saws 

A file and saw are sometimes used to cut through bars, hasps of locks, or 
other metal protecti\ e devices in order to commit burglary or larceny. A person 



Fie. 76. A comparison photomicrograph of a jimmy imprcMion. On 
the left is the impression found at the scene; on the right is the test 
impression made in another piece of metal. (Note the vertical line 
which divides the illustration in the middle.) 


dfsirous of .nakin- a kev from a uax or other cast xvill employ these mstrume^ 
on a blank kev. The comparison of the tool with the markings on metal or 
is usuallv difhcnlt because of the manner in which it is ordinan y use . e 
file or saw is seldom applied to an area with a sin-le stroke: usua " 

of strokes are made with the result that the characteristic marks o 
superimposed on the prewious impression with each new stroke. In addition 
„ whh .1,.. .inul. s.r.,k, a co„s,d, Table leaTh of .he file or saw ■» 
it is ditlicuU U) ul)tain an impresj^ion ol anv part of the tool. Despite l es 
,ies. howeser. ooeral ca<es are recorried of the ideaiiftcabor, of saws frora .here 

marks. 


TOOL IMPRESSIONS 


129 


Miscellaneous 

Many other interesting problems in tool identification are to be oun in 

the literature. Among these are the identification of bore and gimlet marks. ■ 
and of axe marks on trees.«- ">■ " An allied subject which may be mentioned 



Fig, 77. A jimmy and an impression made by it on the rear of a lock 
in prying it loose. The left hand part of Fig. 76 depicts a portion of 
ftiis impression under the comparison microscope. 


here is the identification of materials from the marks made by the machines in 
producing them — for example, the identification of wire from die marks**^* 
or of nails from machine marks. 


EXERCISES 

1. Examine the edges and faces of various toob of the types mentioned in the text. 
Observe any flaws in the surfaces. 

2. Using an old hammer which possesses defects on the striking face produce a 
number of impressions in a wood surface. Strike the surface along a perpendicular to 
both faces; then strike the surface at an angle. Observe the differences in the impressions. 
Tr>^ to produce an impression with characteristic marks. 

3. Using a wood chbel shave off a thin layer of wood. Elxamine the striations in the 
mark. Examine the tool for corresponding marks. Make another and similar mark in the 
wood. Photograph both marks. Direct the lighting obliquely so that good contrast is 
obtained between the lines and the background. 

4. Examine a razor blade under a microscope at a magnification of 60X. Note the 
irregularities of the edge. Using a pencil or other wood surface shave off a piece of wood 
and examine the mark for the irregularities which you observed in the blade. 

5. Using a wire cutter clip off a number of short pieces from a length of wire. Use 
the same part of the cutting edges each time. Examine the pieces under the binocular 
microscope. When two pieces have been found which can be shown to have been cut 
by the same tool, mount the two pieces and make a photomicrograph at 20 to 30X. 
(If the camera is available, make a stereomicrograph.) 
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6. Using a screw driver with a rough edge make a jimmy mark in wood. Examine 
for characteristic defects. Photograph the edge in the mark and slightly dbplaced from 

it Make a lOX enlargment 

7 With a pair of pliers grip a rusty sheet of tin with considerable force. Bend the 
sheet without shifting the grip. Examine the tin for marks of the pliers. 
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CHAPTER 11 


moulage and other 

CASTING TECHNIQUES 


1. THE NEED FOR CASTS 

A problem of constant occurrence in criminalistics is the faithful representa- 
tion of objects of evidential value. In many cases reliance can be placed on the 
photographic method. The ordinary photograph, however, has the limitation of 
all two-dimensional representations: depth must be estimated from memory 
and experience. Since spatial relations, in some cases, may be of fundamental 
importance in establishing proof, the making of models by casting methods is 
an indispensable technique in the laboratory. Tool marks, tooA impressions, 
keyholes, and keys, are among the many objects which require a mold for 
adequate representation. Casts are invaluable also in cases of unidentified dead 
persons who have not had their fingerprints recorded. Models of scars, broken 
joints, or other deformities may lead to an identification by a relative in these 

cases. r ^ u f j 

A considerable number of casting techniques and formulas are to be found 

in the literature. Many of these, however, are ill-advised and lacking in scientific 

basis. The formulas given below ha\'e been taken from C. D. Clarke s Molding 

and Casting,^ a text which should serve as a guide to those interested in work 

of this nature. 

In making models it is usually necessary to make a negative mold of the 
subject and then to produce a positive cast from the negative. Frequently only 
the negative is necessary ; in a footprint, for example, the cast is a negative of 
the impression, but it is satisfactory because it represents a positive of the shoe 
itself which is the object of major interest. In tool impressions the negative 
represents the form of the tool; the impression itself, however, must be repro- 
duced as evidence, and for this purpose a positive is also made. 

The materials most commonly employed for making the negative mold are 
plaster of Paris or a hydrocolloidal composition which we shall refer to as the 
agar mold. The choice of material is usually dictated by the nature of the subject. 
The major difference between plaster and the agar molds lies in the elasticity 
of the latter. If the subject does not possess any undercuts, the plaster may be 

used ; otherwise an agar mold is necessary. In general, the agar mold should be 
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used for subjects which are complicated in shape. For making positives plaster 
of Paris or a wax material can be used. 

2. PLASTER OF PARIS 

The elementary technique of plaster casting has already been described for 
recording foot impressions. Plaster of Paris, however, can be applied to practi- 
cally all the casting needs of the criminalistician. It is by far the most important 
of the casting media. The economy of materials and simplicity of equipment 
and technique recommend its use for all routine work. 

In applying plaster of Paris to many surfaces it is necessary to use a separating 
medium in order to prevent the plaster from adhering to the surface. A thin 



Fig. 78. Materials used in moulage work. 


application of mineral oil or grease will usually prevent such adhesion. When a 
mold of a living subject is made, the skin should be rubbed with mineral oi 
and any hair treated with petrolatum jelly. -A soft brush can be used to app y 
plaster of Paris to objects which possess fine structure so that no detail is lost 

because of air bubbles. ... i j /■ 

Plaster of Paris mav be used in ntakins either or both the mold (negative) 

and the cast (positive). Hence we may have a plaster mold and “ “ 

can be remLd either chemically or by means of a 

distinguish between mold and cast when plaster has been used for both, bluing 
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■ .HHed to the water in the mold mixture. A simple method of making a plaster 
which is chemically removable is to add one part potato starch to three 
” r« pltt Paris in mating the mixture. It hen the mold and cast arc 
immersed in boiling water, the mold will fall away from the cast. 



Fig. 79. Moulage cast of a hand. An identifying scar may be seen on 
the index finger. 


If a separating medium is used the mold can be preserved for further use. 
To separate a plaster mold from a plaster cast one of the following compositions 
should be applied to the mold before the cast is made . 

Gum mastic 1 part (by weight) 

Amyl alcohol 4 parts (by weight) 

The gum mastic is dissolved in the alcohol and the mixture is brushed on the 
mold. The composition should dry for an hour at room temperature before the 

cast is made. 


Yellow beeswax 
Garhnn tetrachloride 


1 part (by weight) 
9 parts (by weight) 
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The \vax is permitted to dissolve in the carbon tetrachloride for several days 
before beins: used. 

When a wax cast is to be made from a plaster mold, the latter is first soaked 
in warm water and then rubbed or brushed with a soap solution. Excess suds are 
removed with a brush until a thin soap film remains on the mold. When the 
cast is made the ^vax should be only moderately hot. 

Another use of plaster of Paris is in the making of positives from plasticine 
negatives. 


Plasticine or modeling clays are used to make the negative of an impression 
such as a jimmy mark. The plasticine is pressed against the impression so that 
it is firmly in contact with all the details. It is well to test the plasticine on 
another part of the surface first; If it sticks to the surface, it should be moistened 
with water before being used. The plasticine is then removed, placed in a box 
and taken to the laboratory where a plaster cast is made. The plaster of Paris and 
^vater are mixed in the usual manner in a suitable container. A thin coat of 
plaster is brushed over the plasticine to prevent air bubbles. The plasticine may 
be placed on a small platform to which a string is attached and then lowered 
into the plaster to the necessary depth. ^Vhen the plaster has hardened, the 
plasticine may be removed. In doing so, an effort should be made to preser\^e 
the form of the plasticine so that it can be used again in the event that the first 
cast is not a success. 


3. MOULAGE — AGAR COMPOSITIONS 

In casting some subjects it is necessary to make a mold which is somewhat 
elastic. This is particularly true when the subject possesses undercuts. Agar 
compositions have been found excellent for this type of work. A mixture of agar 
and water melts near the boiling point of water and solidifies just above body 
temperature. On setting, the negative mass is sufficiently pliable to permit the 

withdrawal of undercut surfaces. 

A number of agar compositions for this work are commercially available 
under such names as J\€gocoll^ Dentocoll^ and Plastico. It is not necessary, however, 
to rely on these relatively e.xpensive commercial compositions, since a number 
of satisfactory formulas are given in the literature. Clarke,- after four years of 
experimenting, devised the following composition: 


Agar (powdered) 

4 ounces 

Water 

100 ounces 

Borax or zinc oxide 

1 ounce 

Oxyquinoline sulfate 

10 grains 

Glvcerin 

4 

1 ounce 

Cellucotton 

J ounce 

Cotton 

15 grains 

Rubber cement 

4 ounces 


Twenty-five ounces of the water are poured into a suitable botde. The borax, 
oxvQuinoline sulfate, glycerin, cellucotton, and cotton are placed m the bottle 
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and the whole shaken vigorously untU a good mixture is achieved. The agar « 
mixed in the top of a double boiler with the remainder of the water at ro 

T^e mb.«re U hea.«i and s.irred un.il ,ha agar U comp e.e y 
dteSved. When the solunon is at 100 C, the contena ot the bottle are slo y 
added and stirred until the mixture again reaches 100 C. This mass 
m S^l unta it is near dte setting point. The rubber cement is *en added s>ow^ 
while stirring. Any bubbling at this point indicates evaporation of the ceme 

the composition has cooled and set, it is ground in a meat chopper 
and allowed to stand untU sufficient water has evaporated so that no drops 
can be expressed. The substance is stored in an airtight container until neede . 

Another exceUent agar composition has been described by Gross 


T> L.. 




*La 


Agar 
Oil soap 

Ms^nesium sulfate (bone) 
Absorbent cellulose waddings 
Water 


100 

100 

40 

12 

700-800 


The agar is dissolved, as described above, in two quarts of water. The wad- 
ding is macerated in hot water untU the fibers are separated and ffien added 
to the hot agar mixture. The oU soap is then dissolved in the mixture, and 
finally the magnesium sulfate is added. The mass is cooled and treated as in 

Clarke’s formula. 

Recently developed casting materials which are called alginates possess 
superior qualities and wUl soon replace agar compounds in practice. The 
advantage of these materials is that they can be used cold; i.e., it is not neces- 
sary to heat them. They possess elastic properties and are especially suitable for 

use with difficult subjects. 


4. MAKING THE MOLD 

Since most agar compounds are similar in behavior, a general treatment of 
the of a negative mold wUl suffice. The following equipment is needed: 

two enameled double boUers for heating the materials, two brushes which are 
capable of withstanding high temperatures, gauze, plaster of Paris, a ther- 
mometer, materials such as wood or bowls for improvising frames, and a meat 
grinder. The negative material can be used repeatedly if it is not permitted to 
become mixed with other substances such as the positive material or plaster of 
Paris. Before and after use it should be ground in a meat grinder. (It should be 

kept in a covered jar or can when not in use.) 

The negative material is placed in a double boiler and heated. If necessary, 
sufficient water is added so that when the material has melted, a fluid of the 
consistency of cream is formed. If a cast of a part of a person’s body is to be 
made, the liquid should be cooled to a temperature of about 100 F before being 
used. 
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A suitable frame or container is used to hold the object which is being cast, 
o that the negative material will not run off. Putty or modeling clay can be used 
o construct walls to prevent this. The material is first brushed on the surface 
n such a way as to exclude air bubbles. It is then quickly but carefully poured 
n so that the brushed-on layer does not congeal and form a separate layer, 
rhe cast should be at least one-halTinch thick. This thickness can be achieved 
n two or more layers rapidly applied. A reinforcement may be added in the 
brm of pieces of gauze soaked in plaster of Paris. This backing is necessary 
A’herev^er one of the dimensions exceeds several inches. In larger casts such as 
those exceeding twelve inches, pieces of wire may be laid in the cast for re- 
inforcement. 



Fig. 80. Making the oegarive 


mold of the face. 


The neeahve ca„ .hould be permitted to dry for about «t«tt tntttum » 

more deiStditty on the thiekness of the cast. After it i. catefuUy “ 

*ridte plce^ in a container and suitably supported. Defects such a. 
can bT repaired by means of , correction paste. The cast ts now ready for 

the pouring of the positive material. 


5. POSITIVE MATERIALS 

Either plaster or a resin -wax material can positives 

agar mold. The use of plaster has already been des reproducing 

^TnmfdetaT^'hivr^^^^^^^^^^^ rStTnder commercial names such as 
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MOCLAGE and other casting TECHNIQI ES 

CdaiU. and P.um..n!.,oe. Redn ,s u<nd thr l.a<c ul of th.-s-- 

r ”'”iulas Paraffin is added to ^i^■e fluidity to tlic ineltrd material. Wax is um c 
‘""mJrd^nieltin. point of the substance. One of the desiderata o a .ood 
'°sitive material is that the sub.stance can be brudied int<i the nm cb Ihe qual- 
hks of a positive material that can be brushed in are .dmhilv c i 

^or a positive material uffiich can be 


brushed in : 


Parti udi^ht 


3 

8 

1 

9 


1 

4 


Tarawax' (paraffin 36 C) 

Rosin (colophony, bleached) 

Li^hi carnauba wax 

Talc 

Zinc oxide 
(Color to suit hue of subject) 

The paraffin and wax are melted 
together in the top of a double 
boiler. The rosin, talc, and zinc oxide 
are successively stirred into the mix- 
ture. ^Vhen the material solidities and 
cools, it can be broken up and stored. 

The following formula is given by 
Clarke^* for a positive material which 
can be poured into the mold: 


8 ounces 
2 ounces 

1 ounce 

2 ounces 
1 \ drams 



Fig. 81. A cast of the face. 


Tarawax’ or paraffin 
Carnauba wax (light) 

Beeswax (yello\\') 

Rosin bleached) 

Turpentine or benzene 

The turpentine or benzene is added after the mixture has been removed 
from the flame. 

The positive material can be colored for various purposes, d he colors ma> 
be chosen for esthetic or practical value. For a cast ol a hand, a flesh color mav 
be selected; for a tool mark, a brotvn or other color which will 9:i^•e the contrast 
desired for an examination. The finished cast of the po.dtive material is of a hard, 
wa.xy appearance. Like the negative material, this substance can be reheated 

and used o\ er as^ain it it is tree ot impuiitics. 

The preparation and application of the positive material is similar to that 

of the negative. The pieces are melted in a double boiler until a thin liquid 

without bubbles is obtained. A thin layer is spread on the negative with a 

special brush. The material is then poured to a thickness of about an eishth 

of an inch. Hardening takes place very rapidly. Gauze sections are then placed 

o\'er the cast and soaked with another layer ol the posititc material. Thu 

process is repeated sec'eral times. 

* From Me'dins and Caslina, by C. D. Clarke, copvrighted 1938. by C. D. Clarke. 


I tt 



* k 


\S IVIKOIM ( IIOS ro CAIMlMALimCft 


It i( tlr^irrd ti» makr *i iiMHiUicr < -nt tirnr u( thr crimr, a ponalhlr 

i! 1 f ti ( * t fi t M* r.ii tU I lir nnc^tivr ituitrrtal thcHikS br lim rTtif4 m 

hi t.itntt ttoi\ Iini th*‘n |»l4<r<l in .1 laryr v^tiium \nHiU' An rnamrt po( cm ^ 
iM il Itif \i* Atitiii ih<- [nwitivr itKitmal il rarr u rmrrtwrd UJ avmd hufUM^. 


6, METALS SUITABLE FOR CASTING 

Aluminum 

h)i unpiriuiiju^ on hard iurfair%, turh as crtml^iar marks in a mnal daw, 
.1 thtn ^hrri of almninum can \tr used I hr thrri it httrd inlu ihc tmpmwa 
with a small slick \%hu h U carrfullv prr«rd ai(atntl all |>aru of ihr surface TW 
aluminum thrrt mav ttrrnRthenrd by apfjlymH a l^ackin^ uf pLuter U Park 


Wood^t Metal 


1 his is a mrial of low-mrilinu point (71 C) which is suitabk for caMaf tool 
marks. Its compusiiiun in parts by weiithi is; 


Bitinuth 

l>rad 

Tin 

Cadmium 


SOO 
2S0 
12 S 
12 S 


7. MOULAGE METHODS FOR VARIOUS IMPRESSIONS 

Tool Impresnons 

If ihr tool impression is in wcxkI or other |x>rous sulKiance, a solutioQ of 
benzol and paraffin should first Ik- brushed on. When the Ix-nzol evap onm^ 
a thin coat of paraffin remains to protect the negative material from the wood. 
Thi.s precaution must be taken because porous materials draw the water ow 
of the nettative material causing it to lose its elasticity and to adhere to ihe 
surface. Some porous materials can be prepared by loakm? them with water. 


Gun Barrels 

Problems in firearms identification sometimes require a cast of the fM 
barrel. This can be easily accomplished by first pulling an oily ra^ throuih 
barrel, blocking one end with a plug, and then pouring in the posim-e mattfuL 


r.?«t« of Parts of the Hunuin Body 

It b sometimes required to make a cast of a human cw face It is 

important that the temperature of the negative niatenal sh^ be 
no F. A temperature greater than this wUl be uncomfortable if not 
Casts of the face nrquire some experience. The material u not 
face, but the eyes should, of course, be closed. 
needed for such a large cast. Special frames are 

Casts of the faces of dead persons are sometimes made for identifica^ 
Naturally, where a corpse is concerned, lc» consideration is r«^ 
to the temperature, although the state of decomposition of the body 

euidc the operator in all cases. 
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exerqses 

1 Prepare a deep tool impression in a metal or wooden surface by means of a screw 
driver the edge of which has first been nicked in order to give a characteristic mark. 

Photograph the impression with a scale in the field. 

2. Using placticine or modeling clay and plaster of Paris make a cast of the impres- 

4 

3. Make another cast using a very thin sheet of aluminum. Strengthen the aluminum 
with a backing of plaster of Paris. 

4. Make a moulage cast of the impression. Use putty or modeling clay to surroun 

the impression in order to contain the negative material. 

5. Compare the three casts for fine detail. Which gives the best reproduction? 

6. Make a cast of a gun barrel. What difficulties are encountered? 
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PART D 


PHOTOGRAPHY AND 
THE CRIME LABORATORY 


In scientific crime detection, the camera assumes a place of paramount 
importance among laboratory instruments. All the resources of photographic 
science must be at the disposal of the police scientist. The four major functions 
of photography in the laboratory are to provide: (1) a record of the initial 
appearance of evidence; (2) a record of the scene of a crime or some aspect of 
a crime which can not be preserved in its present state ; (3) a means of illustrating 
points of evidence in court ; (4) a method of making visible various aspects or 
details of evidence that cannot be seen by the human eye. These functions of 
photography are discussed below in greater detail. 

1. THE PHOTOGRAPHIC RECORD 

It should be a general rule in the police laboratory that all evidence be 
photographed as soon as it arrives at the laboratory. Very often in the course 
of an examination, the evidence must be treated in some manner which alters 
its original appearance. If the procedure in question is a chemical analysis, the 
quantity of the substance will be diminished. If the evidence is an altered docu- 
ment, treatment of the paper will necessarily change some details. Consequently, 
for legal as well as scientific purposes, it is desirable that a record of the original 
appearance be retained. A 35 mm camera of the Leica, Contax, or Kodak 
Bantam type is ideal for this purpose because of its economy and simplicity. 
Color film and color prints should be used if possible. When evidence is sub- 
mitted to the laboratory, it should be placed on the stand with appropriate 
lighting (Fig. 82). A card bearing the laboratory serial number should then be 
placed at the side of the object and the photograph taken. A separate file of these 
photographs, together with such photographic data as position of lights, 
f number, exposure, etc., should be maintained. A copy should also be placed 
with the folder containing the case data and report. 

2. AT THE SCENE 

It is not to be expected that the scene of a crime will be left undisturbed 

for an indefinite time. At a motor vehicle homicide, for example, traffic cannot 
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be detoured for long. Nevertheless, a record of the position and condition of 
the details of the scene must be made before they are altered in any way^ Foot- 
prints and tire marks must be photographed before casts are made. In the case 


1 



i 



Fig. 82. Photographing evidence 


d at the laboratory 


1“ xr;- 

record is made, vital esddence may be lost. 
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3. COURT DEMONSTRATIONS 

-One picture is worth a thousand words.” The truth of this proverb will be 
ex-ident to the expert witness who must explain his case findings to a court. 
Ordinarily the judge and the members of the jury are persons of limited sci- 
entific background. The expert witness is an expert precisely because he is in 
Dossession of a body of knowledge not ordinarily available to the average ay- 
man. His success as a witness depends upon his abUity to translate the language 
of his science into familiar terms and to meet the layman on his own ground. 
This is most expeditiously done with the aid of photographs and line drawings 
Pictures and simple diagrams should be used. The nature of many classes o 
cases is such that a comparison by photographs brings out clearly the desired 
points. For example, handwriting cases are most clearly demonstrated by 
means of enlargements of photographs of the true and disputed writings ; finger- 
print comparisons are best shown with greatly enlarged photos mounted side 
bv side, the characteristics being indicated by numbered arrows; the corre- 
spondence of tire marks on pavements with the tire itself can be shown photo- 
graphically. Manv other possibilities, too numerous to mention, will suggest 

themselves to the investigator. 

4. PHOTOGRAPHIC LABORATORY METHODS 

The human eve is sensitive to only a small portion of the electric wave 
spectrum. The infra-red and ultraviolet regions which border the visible part 
of the spectrum cannot be detected by the eye, but their radiations can affect 
certain photographic emulsions. This property of infra-red and ultraviolet 
radiations suggests their use in photographing objects for the purpose of intro- 
ducing a contrast not apparent to the eye. For example, where ink lines have 
been superimposed on other writing, it is sometimes possible by photographing 
the document with infra-red film and an appropriate filter to render this writing 
lemble. By photographing in ultraviolet light fraudulent tickets can sometimes 
be distinguished from genuine ones by the difference in the appearances of their 

fluorescence. 

If certain characteristics of evidence are such that they are too small to be 
seen by the human eye, photography again proves an invaluable ally in the 
form of photomicrography. Hair and fiber analyses should be supplemented by 
photomicrographs. Hidden defects of metals, correspondence between two sec- 
tions of a broken object, tool marks, and many other subjects can be more 
satisfactorily studied in this manner. 


In the following treatment an effort has been made to stress the scientific 
aspect of photography. The camera is treated as an optical instrument the 
operation of which is governed by definite physical laws. The language of the 
professional photographer has been to some extent avoided in favor of the 
terminology of physics. It is essential that the police scientist have a thorough 
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knowledge of the simple optical laws that are explained in the following chapters. 
An astute defense counsel will often call into question the validity of a photo- 
graph as evidence because of the distortions that may be introduced by unintel- 
ligent manipulation of the camera. This line of inquiry may lead to an inter- 
rogation of the photographer to establish his competence. Questions such as 

the following can be asked ; 

What does the term //number mean? 

How are focal length and plate diagonal related? 

the ordinary precautions to take in order to maintain true 
perspective? 

What is the relation between bellows extension and the distance of the 
camera from the object? 

Upon what factors does depth of field depend? 

Explain the following terms: latitude^ density^ contrasty and gamma. 

If a black fingerprint is found on a red background, what film should 
be used in photographing it? 


These questions are by no means a fair test of a photographer s ability. The 
average professional photographer may not be able to answer them satisfac- 
ans J^rs are intended to imply and uses this knowledge constantly. The jury 
however must judge the expert witness on the basis of his qualifications 
his responses to questions such as these. Herein lies the difference between the 

perhaps less Technically capable than the former, is prepared to explam the 
termslnd procedures of photography in the language of elementary science. 
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CHAPTER 12 


PHOTOGRAPHIC OPTICS 


OBJECT AND IMAGE RELATIONS 

For practical purposes it is possible to use a camera successfully without any 
knowledge of the optical laws governing the formation of images. Since our 
purpose, however, is not restricted to the merely practical, and since an ele- 
mentary knowledge of the theory will in many situations reward the possessor 
by a saving of time and unnecessary manipulation, the reader is advised to 
refresh his memory on these matters by consulting the chapters on optics in 
any standard textbook of physics. In the present section a number of equations 
will be given which will be found useful in determining the relationships among 
object distance, bellows extension, object size, image size, and focal length. 


1. OBJECT DISTANCE AND IMAGE 

If /> = object distance (lens to object), q 
sion), and F = focal length, we have 

1 + 1=1 

p^q F 


= image distance (bellows exten- 


( 1 ) 


This equation is true for thin lenses. For thick lenses (and good lenses are thick 
lenses) a more elaborate equation is needed. Since the photographer’s interest 
in these equations is concerned mainly with their use in approximating bellows 
extension and object distance, the thin lens equations will be found satisfactory. 
From equation (1) we have also 


P = 


qF 


q-F 


and 




p-F 


( 2 ) 


If we ^rite equation (1) in the form 

0 =pq - Fq - pF, 

add P to both sides, and factor, we have the Newtonian form 

F^ = ip - F){q - F). 
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( 3 ) 


( 4 ) 
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MAGNIFICATION, FOCAL LENGTH, OBJECT 
AND IMAGE DISTANCE 

le magnification (lateral) is defined as the ratio of hdght 
height of the obiect. If m = magnification; O = h^ht < 








I = height of image ; we have 


By similar triangles 


/ 

”• = o' 

Z =9. 

o P’ 


hence 




P 


Using equation (2), we have 


m = 


p-F 


and 


Rearranging these we have 


F = 


pm 


\ + m 


also 


p-p 


(1 + m) 


m 


m * 




F = 


1 + 


and q ~ ~i~ *^)- 






(A 

m 




m 


(Ml 


^ , we see that if 2F > ^ > F, dte 


m 


Examining equation (8), ^ — p p 
> 1. In other words, when the object distance is less than twice the ^ 


P>2F 


P»2F 



APPUCAUm 

F<Q<2F PHOIOGRftPHT 

reduced image 


Q»2F 

IMAGE SAME S 



1:1 COPY 



Q>2F 


PHOTOMtCROGRAFIfr 



enlarged virtual image microscopy 


Fig. 83. The rclarion between object and image 
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len-th. but greater than the focal length, the image will be larger than the 
object. Where p > 2F, we have w <1; i.e., the image is smaller than t le 
object, which now lies at a distance greater than twice the focal engt i roni 
the camera. U p < F. m is negative, the image is virtual and is not seen on t ic 
^round.lass. For ^ = 2F. = 1, and q = IF: i.e., for a one-to-one size photo- 

graph such as the photograph from a fingerprint camera, the oltject and p ate 
Le each at a distance of 2F from the lens. When p ^ F, m is not defined; the 
image is said to be at infinity. Figure 83 illustrates the various cases. 

EXAMPLE 7. -\n 8 by 10 camera with a lens of 12 inches focal length is bcint; used 
to photograph a rifled safe, 10 feet in height. How far awa>- must the camera be placed 
in order just to fill the plate, i.e., to fit the 10-foot dimension of the object along the 

10-inch dimension of the negative? 


10 


Since 


7=10 in. = p ft, and 0 = 10 ft, 


bv substituting in 


we have 

Applying equation (10), 


10 

10 X 12 


1 _ 

12 




or 

p = 13 It. 

EXAMPLE 2. In taking a photomicrograph with a 32 mm lens, it is desired to 
achieve a magnification of 20X. What is the approximate exten-ion of the bellows? 
.Again using equation 10 and substituting F = 3.2 cm and m = 20. we have 


g = F{\ -r m) = 3.2 X 21 

or 

g = 6 cm. 

THE ANGLE AND SPEED 
OF LENSES 

3. LENS DATA 

If a photographic lens and its 
auxiliary mechanism (shutter) are ex- 
amined, it will be found that certain 
information is inscribed on the lens 
mount (Fig, 84). First, the focal length 
of the lens is given: second, a series 
of / numbers are found associated 
with a device for adjusting the di- 
ameter of the diaphragm; third, a 
series of numbers indicating exposure 
times will be found. The meaning 



Fig. 84, A lens and its mount. The focal 
length is inscribed on the inner rim; ex- 
posure times are on the upper part of the 
outer rim; f numbers are on the lower part 
of the outer rim. 
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of these last numbers is obvious ; the significance of the first two terms is 
cussed in the present section. It will be found that a knowledge of the use of 



rig. 85 . rniiMrmring the relatkm between local length and pUte diagonal. 

these two facton — focal length and //number — wUl be hdpM in undw- 
Mixliog the phyaes of un.se size, exponite, tuuJ depth of field “ 

let^^ . leoa » we dutU «e. det^ *e^. of toew aui dut 

image s«e;//number controls exposure and depth of field. 

0 4. ANGLE OF VIEW 

The angle of the visual field cov- 
ered by the eye with good defimtion 
and no distortion b approximately 
50 degrees. The angle subtended by 
a camera lens should be approxi- 
mately of the same value in order to 
^ulate the same perspective. The 
plate of the camera also must 
limited m size so that the finished 
print wiU subtend an angle of 50 de- 
crees when viewed by the eye at a dis- 

Lice equal to the local length of the 

camera (or other distance on enlarg- 
ing). In Fig. 85 we have the lens of 
n«- *«• focal length Fsubtending an angle fl at 

pUte. if 8 is to be apprmdmatdy 50 degrees? (Angi 




149 


PHOTOGRAPHIC OPTICS 

sranrr^L;"^ 

measure of the diameter). From Fig. 8o we have 


D 


e 


= F tan x = F tan 23 
2 2 

and D = 0.93F 

That is the diagonal of the plate should be approximately equal to the focal 
length of the lens. Such a lens is called a medium-angle lens. The following diM- 



Fig. 87- Wide-angle, normal 


angle, and telephoto lenses for the 4X5 camera. 


sion of lenses (Fig. 87) according to angle can be made: medium-angle, 45 
to 75°; wide-angle, greater than 75°; small-angle (or telephoto), less than 45' 
The angle of view varies inv'ersely as the focal length, as we shall see. 


5. WIDE-ANGLE LENS 

NVhen a homicide occurs in a house, it is necessary to photograph the in- 
terior of a room. Since the camera must usually be set up in the room, it is 
found that only a small section of the opposite wall can be seen on the ground- 
glass. In order to include a larger area of the wall on the plate, we must make 
the relative image size smaller; i.e., reduce the magnification. From equation (8) 
we have 



To reduce the magnification m, we must either increase the object distance p 
(i.e., set the camera farther back), or else decrease F the focal length of the lens 
which is used. Since we are confined to the room, p is constant; hence %ve must 
use a lens of smaller focal length to include on the photographic plate a field 
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of satisfactory extent. Such a short focus lens is called a wide-angle lens. The focal 
length is short in comparison with the diagonal of the plate. Corrections are 
usually made for this larger angle at the expense of relative aperture. 


6 . TELEPHOTO LENS 

The opposite problem will confront the photographer when he attempts 
to photograph an inaccessible distant object so as to obtain a relatively large 
imaee on the plate. For example, if a bullet is fired through a window of one 
building and enters the ^•dndo^v of another at a considerable distance, a photo- 



fa) 


(b) 


u A Ath a wide anele lens; (b) a telephoto 
Fie 88. A scene of a crime fit of the Ld is the same. Holding 

fei. Notice that in both ‘^^'j^^pt^pective. For (b) the viewing distance should 

L*’ I”; 'kSh'm” 'r.. *1..- » *» •pp"”‘ »•>—»«'“>”« »' 

graph of rhe second window e!.^ rhrmatnmcauon. The 

'/uTaS; hence ihe 

:ai:eTa^r.:f;:L' rai^^tn^'-L J . fron. Of ihe fens. 

7 photographing in SECTIONS 

B:.fore ieaein. .he precious 

reference should be made “ J ^ de-angle lens. The inierior 

where ihe phoiographer is noi m pos^. ^ ^a.isfac.ors- viewpo.ni u 

of the room can then be p otograp ^,3 ,, then arranged on ihe tripod 

firs, selected and the tripod ^t up. ^he c exposure, the camera 

with the lens directly over the tripod screts. .'Mte t~ 
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8. THE SPEED OF A LENS AND THE f/ 

Exposure, E, may be defined as the product 

E = it. 


( 12 ) 


where t is the intensity of illumination and ^ is the time dunng which the hg 
acts on the plate. For a given type of film and fixed conditions of il umination 
the lencrth of exposure time is a function of the focal length of the lens and its 
effective aperture. For the purposes of this discussion, effective aperture may be 
considered as the diameter of the element limiting the entrance of light. (See 
Chap. 38 for a definition of effective aperture.) When the lens is used wide open, 
the effective aperture is usually the diameter of the lens. At other times t e 
effective aperture will be considered the diameter of the diaphragm openjng. 
The relation between the focal length and the effective aperture which will be 

developed here is called the relative aperture or ‘‘speed” of the lens. 

If the illumination of the object remains the same, then the larger the area 
of the image, the less the light intensity per unit surface area (for corresponding 
areas), and the longer the exposure time. However, from equation (11) it is 
evident that the linear size of the image depends on the focal length of the lens. 
This may be seen also by considering the focusing operation. In enlarging the 
image on the focusing screen, the bellows extension must be increased. By the 
inverse square law, the light intensity falls off inversely as the square of the 
distance of the plate from the lens. The linear size of the image, then, is propor- 
tional to F, the focal length. Hence the area of the image is proportional to F"-. 
Exposure time increases with the area of the image. Therefore, e.xposure time 

is proportional to F^. 

The “quantity” of light entering the camera varies as the area of the effective 
aperture. The area of the effective aperture is equal to — , where d is the diam- 
eter of the effective aperture. Hence, the time of the exposure decreases as 

\ 

<P increases. 

We can write these conclusions as follows : 




(13) 


where k\sa proportionality constant the value of which depends upon the type 
of the film used, the illumination, and the object photographed (among other 

things) . 

F 

The expression ^ is called the relative aperture or “speed” of the lens and is 
referred to as the f -number. Thus a lens marked //4.5 possesses a focal length 
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and diameter of effective aperture which have a ratio of 4.5. For example, a 
lens of 50 mm focal length with a maximum effective aperture of 9 mm has an 
//number of 5.6. The //number marked on the lens indicates the greatest 
relative aperture of the lens; the lower the //number, the faster the lens. An 
f 3.5 lens, for example, is faster than an //4.5. Better corrections are required 
in order to make the lens effective at//3.5. 


9. THE F/SYSTEM 

The diaphragm or stop numbers on the lens mount usually are//4.5,//5.6,- 
//8, etc. These numbers are chosen so that their squares form a geometric 
progression in which successiv^e numbers differ by a factor of two. The reason 
for this is obvious when we consider that the exposure time is proportional to 
the square of the //number; thus from equation (13) we have 

t = k{f/y (14) 

If now we have an exposure time of ti for// 11.3, and an exposure time of ^2 for 
/ '8, these exposures are related by 

t, ^ (11.3)^ ^ 

/2 ( 8 )^ 


or 



In other words, in the//system each exposure is twice that of the precedmg one. 
For practical purposes strict adherence to this rule is not maintained. The fo - 
loNsdng table of //numbers is given together with the relative exposure. 


//number //3-5 

Relative exposure 1/5 



//6.3 

5^8 

/ 


//8 //11.3 /;16 f/22.6 //32 //45 
1 2 4 8 16 32 


10. CHOICE OF LENS AND CAMERA 

For photography in the laboratory an 8 by 1 0 camera with a 1 0- or 1 2-inch 

lens wUl be found most satisfactory. The lens, of course, should be of the highest 

11 , y _ ,he Zeiss Tessar, or equivalent lens. A 5-inch lens mounted so as to 



Fig- 89. A 35 mm camera and auxiliary lenses. 
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i:)j 


fit in this camera should be available, 
camera also a 50 mm, 35 mm, or 32 mm, 

\ cTi-eat convenience in laboratory 
work is a groundglass back which con- 
tains two sliding metal plates that ex- 
pose only one-fourth of the plate at 
one time. In much of the laboratory 
photography a number of experi- 
ments must be performed before hitting 
upon the proper technique. In photo- 
graphing, for example, an erasure by 
infra-red light, several exposures may 
be necessary before the correct filter 
is discovered. By making a series of 
four exposures on one plate consider- 
able time is saved in loading and 
processing. 

The 35 mm (film) type camera is 
invaluable in a laboratory because of 


It should be possible to plat <* 
lens for low-power photomicrog 


ill th<- 

r.ipliy. 



Fig. 90, A 4 X 5 camera for field use. 


the great variety of uses to which it 

may be put — from fingerprint work to photomicrography. A comideie set of 

auxiliary devices should be available (Fig. 89). 

For field work, in addition to a 35 mm type camera, a 4 by 5 Speed Ciraphic 
or Graflex type camera (Fig. 90) should be used. A wide-angle lens will fre- 
quently be found necessary for photography in cram[)cd quarttn'.s such as 
interiors of cars and rooms, or in photographing the entire front of a building. 
A telephoto lens should also be on hand, although it will be used wiili much 
less frequency than the wide-angle lens. Complete field equipmtmi, then, would 
consist of a 4 by 5 camera with wide-angle and telephoto lenses, and a miniature 


camera with 50 mm and 35 mm lenses. 


PERSPECTIVE 

11. THE PHOTOGRAPH AS A FAITHFUL REPRODUCTION 

Perhaps the most serious objection raised against photographs submitted in 
evidence is the charge that photographs are at best distorted images of the 
original. Obviously, grossly distorted photographs such as Fig. 91 are rej('cted 
as evidence. Since so much of the criminalistician’s work must be recorded 
photographically, and since these photographs are constantly subject to sub- 
mission in court, it is frequently of great importance that true perspective be 
preserved. Naturally, in the vast majority of photographs perspective considera- 
tions are unimportant. For example, in photomicrographs and in great enlarge- 
ments the spatial relations are a lesser consideration. However, in photographing 
the scene of a traffic accident, skidmarks, or interiors of rooms, faithful reprodue - 

tion of distance relations is essential to a photograph which is acceptable in 
evidence. 
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It is impossible to reproduce perfectly in a photograph, which is a two- 
dimensional surface, the illusion of a three-dimensional space. This is true for 



Fig. 91. Grossly distorted views. 





Fig. 92. Formation of a perspective. 
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not perfect because of the advantage which the eye possesses in being able to 
gain some knowledge of the distance relations in the subject itself by focusing 

on different planes, 

12. GEOMETRICAL DEFINITION OF PERSPECTIVE 

If an object such as the house in Fig. 92 is viewed by the eye from the view- 
point E, a perspective would be obtained in the following manner. Place a 
transparent, vertical screen between the object and the viewpoint E. Connect 

every point in the object with the point E by straight lines. The intersections of 
the straight lines with the transparent screen would constitute a perspective. 
Viewed from E the trace on the screen would exactly hide the object from view. 
The relations between the lines in the object and the corresponding lines in 
the perspective are governed by simple geometrical laws. Without going deeply 
into the geometrical argument, we shall investigate the distortions resulting 
from viewing the perspective at a point other than the viewpoint. 

13. DISTORTIONS 

If the perspective is viewed from a point not on the line EP the various parts 
are no longer viewed at the some angles as the corresponding parts of the object 
itself and the result is a distorted view. This kind of deformation is not important 
to us at present because, as will be seen later, the perspective with which we 
are concerned is the photographic print and this is usually viewed along a line 
perpendicular to the print at the center. 



Fig. 93. Viewing a photograph from a Fig. 94. Viewing a photograph from a 
point which is too near. point which is too far. 


In photography the most common deformation is that resulting fitim viewing 
the perspective (print) from a viewpoint other than E but on the line EP. 
Figure 93 shows the result of viewing from a point E' where FP is less than EP. 
The line SS' represents the perspective plane. The distance mn on the vertical 
K presented to the eye in the perspective. From the correct viewpoint E, the 
unages m and n will appear to represent two points Af and JV in the horizontal 
plane. Their distance apart will be AfjV. If now the eye moves to E' and we 
draw the lines fix>m E' through m and n, they appear to represent the points 
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M' and N' in the horizontal plane with a distance between them of M'N'. 
Consequently the distance MN appears to be compressed. If the perspective 
is vie\ved at a distance E* greater than EP, the image MN is drawn out to 
M"N' as shown in Fig. 94. These distortions result in dimensions which appear 
exao-o-e rated with reference to the position which the details appear to occupy 

in the object. 

14. THE PHOTOGRAPHIC IMAGE AS A PERSPECTIVE 

The image formed on the groundglass of a camera is also a perspective. The 
viewpoint is at the center of the lens at a distance q from the groundglass. If the 
object is at a distance relatively great with respect to the focal length, q may 
be taken equal to F, the focal length. The photographic image is the same as 
the perspectn'e which would be obtained if the eye wxre placed at the position 
of the lens and a trace made on a transparent screen placed at a distance q 
from the eye to^vard the object. It is well to state again that many assumptions 
have been made in this argument, chief among which is the condition that the 
angular magnification is unity. A general proof for optical systems would lead 
to a lengthy demonstration in geometrical optics. 


15. VIEWING THE PHOTOGRAPH 

Since the groundglass image is a perspective with a proper %fiewing distance 
equal to the bellows e.xtension of the camera, or the focal length when the 
object is at a relatively great distance, it follows that a contact print should 
ordinarilv be viewed with the eye at a distance equal to the focal length of the 
camera. The normal reading distance is 25 cm, or 10 inches. The focal lengths 
of cameras varv, however, from about 3.5 cm to about 45 cm. For example, 
a Speed Graphic or Graflex type camera has a focal length of d or 6 in. Hence, 
a contact print from a negative made with such a camera would be correctly 
viewed at 5 inches. Again a contact print made from a 35 mm type camera o 
focal length 3.5 cm should be viewed at 3.5 cm. Few persons, however, have 

sufficient' accommodation of the eye to permit viewing the print at 

distance If a print in which perspective is important is to be submitted for 

individual viewing by a judge or members of a jury, it 

viewing distance of 10 inches (25 cm), at which distance it will naturally 

held by the viewer. 

16 CORRECTION BY ENLARGEMENT 

.^n enlargemcn. <oo is a pesspecive. This fact enables us <» 

„e.auves ntade svith cameras of 2" a be enlarged to 

i:r, 1 :::; ^ :,eseed at ,0 .-.es, the „orma« ^ 

at 25 cm viewing distance. 
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It is possible also to correct in eniarttint^ a dis[(jrted j)ersj)ecli\'e due lo a 
tilting or turning' of the |>iatt' with respect to the lens when the photoeaapli is 
made. The am-le o( lilt of the ])late and ihe focal leneah of tfie (ane ia hms 
should be recorded. In enlareine;, the negaii\’e and [lajjer are set at the sainr 
ano'le of tilt. The enlarcdng lens employed should -iv<' a conjuemtc' (list, -me- oti 
the side of the ne<?ative equal lo the focal length td the camera lens. A simplified 
\N'ay of accom[)lishing the rectification is to adjust the tilt of the paper undl die 
vertical lines in the photogra[)h are parallel. 

17. CORRECTION BY REDUCTION 

A negati\e made with a l"-inch te]e[)lioto lens cannot be readily [jrinied 
for a \'iewing distance of U* inches. One' scdniion is t<j co|)y a cc^niact [Mint widi 
a copN'ing camera and then reprint lor the propc'r \-iewing distance. 1 his work, 
in general, will not be necessary since a \'iewing distance* ol P inches will n<H 
usually work any hardship on the viewer. It may, henvewer, be cliflieuh to < on- 
vince a lav critic that this is a logical pnicedurc. I'cm' special pnrjMjses viewing 
distances may be greater than 25 cm. An enlargement to lie hung cm a w<ill mav 
have a viewing distance of a yard. For deiiKMistraiions bc'lore a jurv or other 
audience great enlargements and correspondingly great viewing distances are 
permissible. 

18. PERSPECTIVE AND FOCAL LENGTH 

A common error among photographers, and even among writers on legal 
photographv. is to associate \vrong perspecti^’c with the local lengili ol the lens 
used. For example, the use of a wide-angle lens 

is sometimes deplored in this school of thought f 

because of the seeming distortions in the con- 
tact print. The error here is easily recognized 
from the preceding discussion. The wide-angle 
lens may have a focal length of approximately 
3 inches: therefore, a threefold enlargement is 
in order. Figure 95 is a photograph made with 
such a lens. Figure 96 is a print from the same 
negative enlarged for a viewing distance of 
10 inches. 

Similarly, a telephoto lens is sometimes ac- 
cused of distorting a view by making distant 
objects appear too near to each other. The 
error here mav be laid to a failure to \ icw the 

photograph at a sufficiently great distance. In general perspeciivt* dot's n(,i. 
depend on the focal length of the lens used. 'Fhe fxn'spective of the leiw is alwavs 
correct, if the resulting photograph is viewed under the proper conditions. 

19. GENERAL 

We have established now several principles for correct perspective rela- 
tionships. First, a contact print is viewed correctly only with the eye at a distance 







Fig. 95. A distorted view at 
normal viewing di.stancc. The 
view' is corrected by holding the 
photograph close to the eye. 
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equal approximately to the distance of the negative from the lens when the 
photograph was made. Second, photographs should ordinarily be printed for 
a viewing distance of 25 cm or 10 inches. We have so far treated only the view- 
ing of the print. The viewpoint from which the photograph is made has not 
been mentioned. This viewpoint should be chosen independently of the focal 
length of the camera used. The choice should be guided as far as possible 
only by the purpose for which the photograph is intended, e.g., for the establish- 
ment of some point in the evidence by showing, perhaps, certain relationships 
among objects at the scene. The point of view will naturally be controlled also 
bv the extent of the view which it is desired to include on the plate. 



Fig. 96. The view in Fig. 95 corrected by enlargement for normal viewing distance. 


The dimensions of the print should always be considered with relation to 
the viewing distance of the print. The eye can comfortably include a view which 
subtends at the eye an angle of approximately 50 degrees. It is for *is reason 
that the diagonal of the plate of a camera U equal approximately to the focal 
ength for, fs we have previously shown, under this condition the field of view 

” L le Lginal choic. or porn, of view .hould be nnade wnh eeterenee 

to the extent of the field of view at normal viewing distance. 

Another precantion to be observed in legal photography K 
the angle a. Which the camera is placed. The camera ™ 

vertical plane, wherever posdble. If dte camera h equtpp^ ™ 
this condition may be fulfilled by ma.ntam.ng the plate tn P 
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This rule is given because of convention. TraditionaUy, artists have reprinted 
objects by a projection on a vertical plane. In a vertical projection hoi^ntal 
lines converge; paraUel vertical lines remain parallel. From this ttaditional 
representation the eye has become accustomed to the convergence of horizontal 
lines. If a photograph is made with the plate inclined at an angle, vernc^lmra 
wiU be found to converge, and the result will be a reproduction which is difficult 
for the layman to interpret. If, because of the lack of a swing back (or nsmg 
and faffing front), a photograph is made with the plate inclined to ffie verti^, 
it is possible to correct for perspective by properly inclining the print in enlarging 

as described above. 


DEPTH OF FIELD 


20. POINT IMAGES 

Frequently, in photographing certain subjects, a necessity exists for clearly 
indicating the relationships of various details which are at different distances 



a'c'eT camera 

IMAOE PLANES 


Fig. 97. Depth of field and the effect of ‘^stopping down.” 


A 
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be represented as a point on the plate. Points in other planes of the object space 
will be represented by circles on the plate. These facts are illustrated in the 
upper half of Fig. 97. The plane C is the plane on which the camera is focused. 
The corresponding image plane is the film, located at C*. Points in plane C are 
represented as points in the plane C\ the film. For other object planes such as 
A, By Dy and E, true image planes are at A'y B\ D\ and E\ Rays from points 
in these planes intersect the film plane in small circles and do not converge to 
points at this plane. 


21. CIRCLE OF CONFUSION 

Fortunately, point images are not necessary in a photograph. A point may 
be represented as a circular patch within a certain limit and the resulting 


IMAGE PLANES 

b' c' d' e' 


CIRCLE OF CONFUSION 
TOO LARGE 


V 


--1 


PERMISSIBLE CIRCLE 
OF CONFUSION 




ol 

irl 

ol 


si 

8i 




Fig. 98. Enlarged view of the upper left portion of Fig. 97. 

diffuseness wUl not be discernible by the eye. A circle of sufficiently sm^ 
diameter will appear as a point to the eye. The larg^t permissible circul^ 
patch is known as the circU of confusion. Its diameter will be repr^ented by ^ 
In Fig 98, which is an enlarged view of the left-hand portion of the upper part 
of Fig^ 97, the inner circle is the circle of confusion. In this iUustration rays from 
poinu in planes B and D subtend at the film, circles which are not ^eater than 

Pointe such as A and £ which Ue outside of the region BD subtend circles at tl^e 
film which arc larger than the circle of confusion, and hence do not appear to 

the resulting photograph. Points such as A and £ are smd 

points are represented in the film plane by circles of diameter less th ^ 

known as the depth of field* ^ r^-rric One useful form 

A. Cuauon f- dep.h of fald - ^ ^ 
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confusion, m is the magnification, and / is the / number, we may wTite, 
approximately. 

D - (15) 

171 “ 

This equation assumes that the object is at a relatively great distance from the 
lens, a condition which holds in ordinary photo^aphy. 


22. FACTORS AFFECTHNG DEPTH OF FIELD 

If we consider the diameter of the largest tolerable circle of confusion 
to be fixed, and if we compare photographic objectives under the condition that 
the f number^" is the same for alL it is seen that depth of field depends only on 
the magnification. From this it follows that all lenses have the same depth of 
field if the comparison is made under the same conditions. For example, if we 
wish to photograph a house 20 feet high, so that the image will be 4 inches high 
on the plate, the depth of field will be the same no matter what lens is employed, 
proNided that the / number is constant. This statement is contrary to the 
popular and erroneous concept of associating different depths of field with 
lenses of different focal lengths. 

If now, the magnification is considered constant and the //number variable, 
we mav say approximately that depth of field varies directly as the / number 
or relative aperture. Since the / number is the ratio of the focal length to the 
effective aperture, by using a smaller diaphragm opening the depth of field is 
increased. 

The effect of using a smaller diaphragm opening is illustrated in the low^er 
half of Fig. 97. Rays from points in object planes A and E enter the lens at such 
angles that the circles which they subtend at the film plane now lie yvithin the 
permissible circle of confusion. The depth of field has been extended from BD 
to AE by “stopping down'’ the diaphragm. A shorter focal length lens, also, yvill 
give a smaller /number and an increased depth of field. It is clear, however, 
that in each of these changes a sacrifice is made in illumination and, in the latter 
change, the magnification is affected. One conclusion to be drawn from this is 
that depth of field should not be considered as a function of one variable alone; 
but, for practical purposes, must be looked upon as a function of magnification, 

object distance, focal length, and aperture, w*hich are not themselves independent 

variables. These relations can be summarized in the following manner: 


(a) Depth of field is inversely proportional to square of the magnification. 

(b) Depth of field is inversely proportional to the square of the focal length. 

This follow's from (a) since bv equation (9), 14 -—=^ 

m F’ 


where p is the object distance. 


Strictly speaking, the t^tra plate illumination should be used here instead of / number to 

convev the idea that we are comparing objectives under the same conditions of illumination. 

The / numbers of lenses of different focal lengths are not comparable except when the camera 
is focused for infinirv'. 
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(c) Depth of field is directly proportional to the square of the object distance, 
for the reason ^ven in (b). 

(d) Depth of field is directly proportional to the/ number or relative aper- 
ture, being greater the smaller the aperture. 

(e) Depth of field is directly proportional to the circle of confusion. 



Fig. 99. Poor focus — the camera 


is focused on the head* 
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23. CALCULATING THE CIRCLE OF CONFUSION 

The value of :he diameter of the circle of confudon uMiallv a'^mie-d i' 
approximatelv 1 25" in. or n.ii] cm. .A patch of thi.- diamet.-r i< iiidi-Maemdi- 
able from a point at 1" inches, the normal viewin" distance. .Xtitniailv it oth' i 
\'ie\vpoint? are .'elected, the diameter will \;irv accordineU'. In e'-nrul tin' 



Pig. 100. Poor focus the camera fomsfrl nn 
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I'li.ixiriUini diameter ot the circle contusion approximately 1 12'j0 of the 
distance of the phoioeraph from the eve in viewing from the center of per- 
spective. This value can be deduced from the fact that the minimum an^le 
subtended bv the eve at two points which can just be resolved is approximaielv 
one minute of arc or 0.00029 radians. 

The requirement^ of the circle of confusion must be made more exacting 



Fig. 101. C-orrcct focus 


the camera is focused on the feet. 
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when the negative is to be enlarged later. If the enlargement is to be threefold, 
the diameter must be one-third of the least acceptable value for a contact print. 
For extremely fine lenses the usual value of the circle of confusion is in the region 
of 1/500 in. = 0.005 cm. \Vith lenses satisfactory for scientific police work the 
limit of resolution of the emulsion should determine the circle of confu.sion. In 
other words, the size of the maximum permissible enlargement is usually deter- 
mined by the appearance of “grain” in the image and not by any lack of 
definirion due to the lens. 

The circle of confusion which is assumed in any case should not be smaller 
than the smallest image of a point which the lens is capable of producing. It 
should be remembered that a poorer lens will have a larger circle of confusion 
(since less is expected of it), hence great depth of field is not associated with 
good objectives. 

In equation (15) it is stated that depth of field is inversely proportional to 
the square of magnification. It is possible to take advantage of this fact by using 
a 35 mm camera wherever great depth of field is required, whether in laboratory 
or other work. The magnification in this case is quite small, and the depth of 
field is consequendy great. This gain in depth of field is not lost in enlarging as 
long as the enlarging is within the limits set by the graininess of the negative. 


24. MAXIMUM DEPTH OF FIELD 

In laboratory work and at the scene of a crime, obtaining the required 
depth of field frequendy presents a problem. Often some sacrifice must be 
made at either or both ends of the subject. In order to obtain maximum depth oj 
field in relation to an object of which the near plane is at a distance r from the 
lens, and the far plane is at a distance r, the camera should be focused on the 
plane 9, which is given approximately by 

Its 



25. HYPERFOCAL DISTANCE 

In outdoor photography (or in photographs of large rooms, made v/ith 
short focal length cameras) practical use can be made of the concept of hyperjocal 
distance. This is defined to be the object distance for which the depth of field 
will just reach to infinity. When the bellows extension of the camera is equal to 
the focal length of the lens, the objects which are in acceptable focus are said 
to be at infinity. By increasing the bellows extension, objects nearer to the 
camera will come into focus while those at infinity will still remain in focus. A 
point in the bellows extension is finally reached where a further increase will 
cause the objects at infinity to go out of focus. The camera is now focused on the 
hyperfocal plane. On the near side of the hyperfocal plane the subject wUl be in 
focus down to a distance of one-half the hyperfocal distance. In other words, 
when the camera is focused on the hyperfocal plane, the permissible depth of 
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field extends from a point at a distance of one -half the hyperfocal distance to 
infinity. The hyperfocal distance H can be expressed by the equation 



If we wish to print a photograph for the normal viewing distance of 10 inches, 
the ratio of enlargement should be, as we have seen, 10 /F. The circle of con- 
fusion must then not exceed F, 1200 inches. Substituting this value of in the 
last equation we have 



where hyperfocal distance is expressed in feet, and focal length is in inches. 


EXERCISES 

1. To photograph an object at a distance of 3 ft from the lens a 17-in. bellows 

extension is required. \\ hat is the focal length of the lens. 

2. The maximum bellows extension of a certain t>'pe 35 mm (film) camera is 

^2 mm For studio work it is possible to increase the image size by inserting tubes be- 
tvveen the lens and the camera. When using a lens of 50 mm focal length, approximately 

what length of tube is necessaiy^ in order to achieve a 2X negauve? 

3. At the scene of a homicide it is found necessary to photograph the victim s body 

lengthwise and to include in the view a gun l>ing 4 ft from ^e body The vicum ^ 
approximately 6 ft in height. If a 4 by 5 camera with a lens of o m. fo^ length is us^, 
approximately ho^v far from the body must the camera be placed m order to mclude the 

desired view on the plate? , . , , * 

4. If the distance from the body and gun to the waU, before which the camera must 

be placed, b onlv 6 ft, tshat focal length lens should be used? VVTiat camera. 

5 In a motor vehicle accident investigation it is found necessary to photograph, 
from the top of an embankment, a car which has faUen into a 

desirable to use a Ion? focus lens for this purpose. .\ 14-in. lens at ‘ 

lain a photograph- with a camera of 10 in. bellows extension? ^Vhat . the minimum 

belloxss extension for a photograph with this lens? 

6 Usin^ a 4 by 5 or 8 by 1 0 camera, photograph a taU buJdmg from the sttee^ 

first with the^plate and lens board parallel to the face of the bui dtng and *e 

1 , And lens board inclined at an angle. Estimate this angle (c.g., approximately 

at which the photograph txas or 50 mm focal length lens, photograph 

7. Using a miniature camera g opening. 

an automobile at a distance exagg'^rated^Ippearance of the length of the car. 

.m ^.e . pe„pe«ive. 

down to f, 4.5. 
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9. In order that the acceptably focused range will extend from 22 ft to infinity, 
what is the largest //opening that can be used with a lens of in. focal length? 

10. A camera with a large plate is being used to photograph an object in the studio. 
It is desired to fill the plate with the image. The near point of the object is at 14 in. 
from the lens; the far point is at 19 in. On what distance should the camera be focused 
for Tnavtmiim depth of field with relation to the object? 
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CHAPTER 13 


TONAL RELATIONS — 
FIDELITY AND CONTRAST 


THE NEGATIVE AND TONE CONTROL 

Quite often the aim of the criminalistician in photographing a subject is 
to reproduce faithfully in the negative the tones and gradations of light found 
in the subject. It is the purpose of the present chapter to investigate some of the 
principles which govern this process. To this end we shall first describe the 
production of the latent image and then study the relations of time and intensity 
of light in exposure. Briefly, the photographic process consists of the follo\ving 
four steps: (1) exposure of the plate or film, (2) development of the plate, 
(3) printing of the negative on paper, (4) development of the print. In exposing 
the plate a latent image is produced by the photochemical action of light on the 
sensitized emulsion. The photographic emulsion is a mixture of finely divided 
silver halide and gelatin. Three silver halides are used chloride, bromide, and 
iodide. Bromide is by far the most important of these. When chloride and iodide 
are used, it is only in combination with bromide. By the efifect of light upon 
the photographic emulsion, the silver bromide is changed. A reducing agent, 
the developer, darkens the stiver bromide in those areas exposed to light more 
rapidly than in those areas where less light has fallen. The effect of the hg t, 
then, L to produce a latent image which the reducing agent transforms mto a 

shadow picture or negative. . 

The faithfulness wth which the negative ^vtil reproduce the or ipnal subject 

depends upon the tonal relations existing among the variously d^kened are^ 
The .tudy of these relations and the methods of measurmg them . ca^W 
se„s,tom,„y. For our purpose we shall discuss some of the 

absorption of light by the silver deposited on the negauve after development. 
The following definitions are given ; 


1. definitions 


Transparency 

Light falling on the developed 
in varying degrees depending upon 


negative will be transmitted and absorbed 
the amount of stiver deposit in the vanous 
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sections of the negative 

m 


certain 


of the 


re. If / represents the intensity of the light incident upon 
egative and lx the intensity of the light transmitted in that 
termed the transbarency. This ratio represents the fraction 


through 


Opacity 

Opacity is the reciprocal of transparency. Hence, opacity = 
from this definition that opacity is a measure of the light that i 
area to transmit light of unit intensity. 


I/Ix. It is seen 
aust fall on an 


Density 
The CO 


llllf 


in logarithm of opacity is called optical density. Using the symbols 
D, O, and T for density, opacity, and transparency, respectively, we have 


D = logio 0 = log 


10 



( 1 ) 


The reason for this definition will be seen presently. Bouguer’s law of absorption 
states that the intensity /* decreases with the thickness of the material traversed. 
Further, equal proportions of light are absorbed by equal layers. This statement 
implies that the rate of absorption of light with respect to thickness of layers 
varies directly as the intensity of light at the depth x. If the intensity of light at 
the depth x is Ix, the law states that 


dx 


= -kl 


( 2 ) 


where A is a constant called the absorption coefficient. The sign is negative, because 
the intensity decreases with x. Integrating, we have 


and 


whence 

4 

or 



kx = log* I — log, Ix 


kx = log. 


The more usual form of this equation is 


/ 


(3) 

(4) 


Ix = /«-** (5) 

The right side of equation (4) is simply the logarithm of the opacity (except 
for a constant factor). The left side of the equation is an expression which 
would suggest the term density, not in the usual physical sense, but with the 
connotation of mass — the amount of light-stopping substance. We 58 >ial 1 say, 
then, that D = kx, meaning that density is proportional to the mass of reduced 
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silver per unit area. The constant k would include surface density in the usual 
physical sense. Hence equation (4) is equivalent to equation (1). 

Considerable liberty has been taken in using x as a measure of the light- 
stopping substance present. An increase in exposure does not necessarily increase 
the thickness of the silver deposit. It would be more accurate to say that exposure 
increases the number of dark grains in the same layer. The argument, however, 
does not depend on a strict interpretation of x. Our purpose thus far has been 
simply to give some physical significance to the definition of density as the 

logarithm of the opacity. 

2. THE PERFECT NEGATIVE 

A technically perfect photograph is one in which the brightnesses of the 
various sections of the printed image are in proporuon to the brightnesses of the 
original subject. Simfiarly, the perfect negative is one in which the blacknesses 
are in proportion to brightnesses of the subject. From this we can say that the 
technically perfect negative is one in which the opacities are proportional to 

the exposures received from corresponding parts of the subject. 

It is neither necessary nor desirable (nor possible) that this condition be 
fulfilled in the average photograph. The relation between opacities and ex- 
posures will be determined by the purpose of the photograph. We have men- 
tioned the perfect negative as a preliminary to the understanding of the char- 

acterislic curve. 

3. THE CHARACTERISTIC CURVE 

If we plot a series of densities against the logarithms of the corresponding 
exposures, the resulting curve wiU bear the general shape of that m Fig. 102. 



Fik. 102. The characterbtic curve. 
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Our series of exposures may be a series of film strips which have received differ- 
ent times of exposure with the same illumination falling on the film or an 
ordinary negative in which the exposure varies because of the varying reflect- 
ance over the parts of the subject. The time of development is considered 
constant. 

The reasons usually given for plotting density against the logarithm of the 
exposure instead of the exposure itself are: First, the range of exposures is very 
great; second, the nature of the relation between the variables becomes clearer. 
We may amplify these reasons by remarking that opacity and exposure E are, 
throughout a certain region, related by a power law such as: 


from which we have 
or 


0 = KE\ 

logio 0=7 logio E + logio K 
D = y logic E M 


( 6 ) 

(7) 


where K and M are constants. It is logical, therefore, to plot D against log E 
since the power law relation can be then clearly seen by the straight-line portion 
of the curve. The slope of the straight line y (gamma) is the tangent of angle 0 
in Fig. 102. 

We may divide the characteristic curve into three parts: (1) AB, the part 
of increasing slope, indicating that density is increasing with exposure at an 
increasing rate; (2) BC, the constant slope or straight-line portion, indicating 
that density is increasing uniformly; and (3) CD, the part of decreasing slope 
indicating that, with increased exposure, density is being added at a decreasing 
rate. These three parts are respectively called the regions of underexposure, 
correct exposure, and overexposure. 

In a negative, the exposure of which falls within the region AB, we find 
disproportionate increases in density with increasing exposure. On examining 
the print it will be found that the shadows or darkest portions of the image are 
uniformly dark — there is practically no differentiation of tones in the shadows. 
The density increases sharply, however, in the region of the highlights. The case 
of overexposure finds the density increasing at its lowest rate in the region of 
the highlights; hence there is little differentiation of tones in the highlights. 

If we use the term contrast to denote the rate of increase of density with the 

logarithm of the exposure, we may say that the underexposed negative lacks 

contrast in the shadows; the overexposed negative, in the highlights. This is 

equivalent to saying that loss of detail in shadows indicates underexposure; loss 

of detail in highlights indicates overexposure. For negatives suffering from these 

defects there is but one remedy — take the picture over again, using a proper 
exposure. 

The straight-line section, BC, of the curve is considered the region of correct 
exposure, because in this region the rate of increase of density with the logarithm 
of exposure is constant. That this is an important and desirable condition may- 
be seen from the fact that when this condition obtains, the power law is fulfilled. 
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A simplified mathematical argument will demonstrate the importance of this 
condition. 

If 7 (gamma) represents the slope of the straight-line section of the charac- 
teristic curve, a simplified equation for the curve would be 

D = y logio E + 

or logio 0=7 logio E + M, 

or O = as we have already seen. 


Dififerentiating, we have 


dE 


- KyET'-K 



Here we see the importance of 7, the measure of contrast, and its effect (as an 
exponent) upon the variation of the opacity with the exposure. If we take the 

case of 7 1, we have 

dO ^ 

or O = KE, ( 9 ) 

where iT is a constant. This result means that the opacities are direcUy propor- 
tional to the brightness values in the subject. Such a negative (as stated befisre) 
is considered technically perfect — it is a theoretically true representation of 
the tones of the subject. If one area in the subject has a brightness double that 
of another, the negative of y unity wiU have the corresponding opacities m the 
ratio of two to one. The condition of y = 1 is not a necessary one, however, as 
will be seen later. At present we shaU investigate ways of controlling y — namely, 
choice of film and length of development time. 



Fig- 103. Characterirtic curve* of negative* 
different times of development. 


whiOi have been given 
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4. GAMMA AND FILM 

Films vary widely in the degree of contrast which they can yield. The speed 
of a film increases with the size of the silver bromide grains; the contrast in- 
creases with the uniformity of the size of the grains. It is found that an emulsion 
with large grains has a wide variation in grain size ; the emulsion with small 

grains has greater uniformity of grain 
size. Hence we associate slower films 
with greater contrast. If we wish to 
photograph a document to emphasize 
certain characteristics, we use process 
film, which has high contrast. For a e 
portrait we should select a film of | 
low contrast. ^ 

5. GAMMA AND DEVELOP- 

MENT TIME 

If we make several negatives of the 
same subject, giving the same ex- 
posure in each case, and if we give 
each negative a diflerent develop- velopment time, 
ment time, the resulting character- 
istic curves will resemble those of Fig. 103. The slopes of the curves are 
successively steeper as the time of development increases. Thus contrast in- 
creases with time of development. Figure 104 shows how y increases with 
time of development for a particular film. The rate of increase is high 
at first and then falls off until a point is reached beyond which there is no 
further increase in y. The value of y at this point is called y^ (gamma infinity). 



TIME IN MIN. CURVE CALCULATED 
Fig. 105. Increase of density with development. 
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Ficrure 105 illustrates the manner in which density increases with develop- 
ment time for a given exposure. Density increases at a decreasing rate up to a 
certain limit, D^, the end point. The equation of this curve may be \\Titten in 

simple form as 

D = (10) 

where k is a constant. We have seen from the equation D = y logic E M that 
D and y are linearly related for a given exposure. Hence, y also must satisfy an 

equation similar to that of the density. That is. 


SUMMARY 

Thus far we have treated the formation of the negative image and the control 
of tone relationships. \Ve have found that the critical factor in tone relationships 
is 7 , the slope of the density-log E curve. The two important uses of y in our 
work are: (1) to yield a fairly true photographic rendition of tones; (2) to 
increase contrast so that the photograph will emphasize details not readily 
perceived by the eye. The subject of contrast must, however, be further con- 
sidered with relation to the end product — the positive. 



Fi,. .06. Pho.O,..ph Of .b6 of .h6 u.i«g . <■. .v„.g. co.T,,.. 


an example of how control of contras, can be used to distort a photo- 

i;Tpiaint^rsu:^‘ac:;td:m^^^^^^^^ 

:: w i™ ..d.™i».d . .k., - 
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detail was \dsible in the hole. The hole was later shown to be only an inch or 
two in depth. An example of tonal distortion by the use of the wron^ type of 
film is shown in Figs. 106 and 107. In Fig. 106 a film of average contrast was 
used; thus the detail of the envelope, hat label, and gun are visible. In Fig. 107 
process film was used with the resulting disappearance of these details. 



Fig. 107, The same scene, using a film of excessive contrast. Note the loss of detail in the 
hat label, letter, and gun. 


CONTRAST IN THE POSITIVE: 


6. TONAL RELATIONS IN THE FINISHED PHOTOGRAPH 


The emulsions of positive materials — transparencies or prints — are essen- 
tially the same as those of films, differing mainly in speed. Hence, the theory of 
the reproduction of the tones as outlined in the preceding paragraphs is applic- 
able also to positive materials. The relation of tones in the finished print de- 
pends upon both the contrast of the negative and also of the positive. We shall 
lUustrate this point by a simple mathematical argument in which the positi\ e 
material is a transparency such as a lantern slide or motion picture film. 

^et us consider two areas of a certain subject, say an outdoor scene, and the 
mrrespondmg ttvo areas of the printed reproduction. If the brightnesses of the 
treas in the print are proportional to the brightnesses in the subject, the print 

reproduction. We investigate now the conditions 
inder umch such a reproduction can be made. 


^ of a negative, the intensity i of the 
ight falling on It, and the time t of exposure can be approximately represented 

jyequauon (12) of Chapter 12. ^ P esentea 


E = it 


( 12 ) 
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Since we are considering only one negative, t is constant. If in place of i we 
write S, the brightness of the area, we have 



where the subscripts refer to the two areas of the subject being considered — for 
example, a section of a cloud and a section of a tree in am outdoor photograph. 
Using the simplified relation O — KEP (equation 6 ), we have 


2i 

02 

and from equation (13) 

01 

02 



(14) 

(15) 


where is the 7 of the developed negative. 

Considering the printing of this negative, the exposure which the paper will 
receive in the two areas will be inversely proportional to the opacity of the 
negative in this au-ea (this follows firom the definition of opacity). If «i and are 
the exposures which the two areas of the print receive, we have 

^ • (16) 

^2 O,’ 


hence, by substituting in equation (15), 




The quantity in the developed print corresponding to the opacity (properly 
transparency) of a negative is called the reflectance and will be represented by R. 

This quantity is defined by the equation 



where b caUed the rcJUctio. density of the postttve. i! wJl determine the 
brightnem of any given area of the print under a given dlummanon Re- 
sponding to the relation O - KP- for opacity and exposure, we have for 

reflectance 

R = ^ 




f of the developed print, 
areas of the print under 
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This ratio, determines the tonal relation of two areas in the finislicd 

print. It is seen that the relation depends uponTnYp, the gamma-product. 


7. THE GAMMA-PRODUCT 

If in the original subject the cloud was 35 times as bright as the tree, and 
if the negative were developed to = 0-6 and a paper of jp ~ 0.8 were used, 
we should have 


Rx 


= (35)^*-*^ = 5.5 


That is, in the finished print the clouds would appear only five or six liin(*s 
brighter than the trees — definitely a fiat photograph. 

Since — the gamma-product — is an exponent, it has great effect on 
the reproduction of tones. Slight differences in gamma-products produce great 
differences in the relations of tones. Although a gamma-product of unity vield.s 

a technically correct reproduction, in practice variations are used according to 
the purpose of the photograph. 

In portrait photography reduced contrast is desirable and a gamma-product 

is preferred. In an outdoor scene a gamma-product greater 
than unity is recommended to supply the contrast which is lacking to the eye in 
a monochrome reproduction of a colored scene. 

Enhanced contrast is often needed in laboratory' work. Frequendy the pur- 
pose of a laboratory' photograph is the discovery of detail. The camera can be 
used to reveal detail which is undetected by the eye because of the lack oi 
sufficient contrast. The ability of the eye to perceive a brightness difference in 
two adjoining areas of a negative is called its contrast sensitivity. Over very 
wide ranges of brightness the contrast sensitivity of the eye is appro.ximately 
1.8 per cent. This means that the eye cannot detect any difference in the 
brightness of nvo adjoining areas, if brightness difference in the areas is less than 
1.8 per cent of the brightness of one of the areas. This condition frequently 
occurs m photomicrography and document photography. To enhance the con- 
trast, a contrasty film such as process is selected; development of two-thirds 
gai^a mfinity' would be given and a print made on paper of high contrast. 

The e^ancement in contrast achieved by this procedure can be very great, 
t IS possible, tvith process film, to achieve a gamma of 4. If a paper with a 

^ gamma-product is then 8.8. This means 

that bnghtn^s differences of 0.5 per cent in the subject - which were imper- 

pable to the eye — are rendered in the print as differences of 4.4 per cent 
^^hlch are readily perceived bv the eve. ^ ’ 

' 4 

8. PHOTOGRAPHIC PAPER AND DENSITY 

tra^are^cf jr* ' of ,he reciprocal at ,hc 

of '■ have seen, the analogue of transparency 

0. the neganve a, reflecnrnce. In other words, to ,neasure\lackness or sZl 



W I \ I K( »l )l { I I< )\ m • H IMINM I'N l P > 


r H 


Ml .1 


I ' !« 


1 ' ' i • *. ^ \ ‘i'll'’. 


I 


{ 


• M r V I r. . 


T • > 1 « ; i il \ . || .1 ( «i r i' ' J t 


' 1* i 
e ' 


• i s I ^ r > - -i ' ? ; ' . i' • 5 J ^ ^ ’ v ’ i 






] • , 1 ^ 1 ‘ ,! i . I \ ' » . '-j I I ; : I : i ' 1 ! ii! i , i; ! i .• m it ■ v! i \ ; ' 1 It ■ : 

1 i , Is I iu'' ! I ' ' i 1' ■ ! I! fill’ 1 1 1-' 1 ' ; 1' ' ' [ -i . ' i ; . !: ■' ^ ! ' ; -i t t' ( ; 

( 1 ! ! n- siK r; » li ' -j! 1, .1 ■,* 1 - . 1 1 1 1 ; ; ^ 'i t ^ *■' i ^ , - h ’ j e ■ ; 

till' '‘riiMii. 'li'* 'll’v'l ll.'‘ l’ ;E' i-' il’, 


f ‘1 i ; ; 1 1 ' !:•'•.! ' ; -i : =• f i ^ ' 




I • 


f I . '4 

i 4 * < , « 


« ^ > r 

k ' » 


i ; ' 1 i . < t w ! 





Fig. 108. Powder mark surrounding a bullet hole in cloth, photographed a with a 
high-speed film, b with a process film. 

affects the Imht rctlected from tlie paper, which w the lowest .tirt.ice hut 
not affect the h-ht rertected tro.n the ttelatin and the stiv er depoMt I he nt.iM- 
mum black obtainable from paper retlects alx.ui 2 per cent ol the nw id, nt 
hoht. The maximum density of a dossv paper is approxunatelv 1 . . tor >an.- 
nmtte this maximum is 1.53: while for matte the maximum is l.m. I h,. 
limitation in density will, as we shall see. place a serious limitation on th, 
capacity of a photo-raphic print to represent laithlulh the brie me- scar 

ihe oriuinal sul)je(.'t. 


EXPOSURE OF THE NEGATIVE 

9. CHARACTERISTICS OF FILM 

s„,cd ..ramiiiess, ladcde. COMr.ast. .and color rensitivi.v are , he five char- 

acenatics of a film uhich concern .he ^iennhe 

,v,ll be trca.cd in a separate section, Untode and «ntras are 

Knmvledse of these factors leads to control ol tone reprodi. 
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10. lATlTUDE 

We have seen that for correct tone reproduction, the exposure 
be such that the exposures of the darkest and Kghtest areas of the 
&il on the straight-line portion of the characteristic curve. The 1 
film or paper is the ratio of the exposures at these points. In Fig. 109 
of the film is the rafid OP/ON (exposure umts). The straight-line 
of the characteristic curve does not, however, limit the usefulness 
live. Hie toe AB and the shoulder CD of the curve also possess re 
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will density difierences. The regions AB , 

% different^ contrast characteristics jfrom the straightline portion BC 
e still usdiil. We define the projection M(l of the region AD on the log E axis 
the of the native. The total scale, then, is the range of light intensi- 

tieswh^^^ te^produc^ asareas whose densities are perceptibly diff^ent 
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exposure of a negative. For ^cample, 

B of the sul^ect is 1-7, 

_ , be a correct exposure. 

subject with a range of 1-50 in brightness is to be photographed, consider- 
caie must he exercised to expose on the straight-line of a 1-70 film. 

and conditions of ilhunina- 
average outdoor spene may have a range of 1-150. Intertara will 
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average 1-50. In laboratory work ranges as great as 1-100 will be encountered 

in photographing evidence. 

The latitudes of films vary considerably. A high-speed film with a range of 
1-250 is available. Since the maximum range of papers is about 1-50, the chief 




Fi,. .10, Pri.o .on n p.por ot normal mn.raa.l trom ninr 

effects of varying exposure and development. See Table 4 on page 189. 
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value of this wide range in film is to permit deviations in exposure. Process film 
has a latimde of only 1^, an extremely small range. This narrowness of range 
is always associated with great contrast. The subjects of latitude and contrast 
must be discussed together for a fuller understanding of the use of either. 


11. CONTRAST 


Again, we find in films a wide variation of this quality. A portrait film will 
have a gamma of less than unity; process film is capable of a gamma of 


four (development being constant). 
Hence, film may be chosen according 
to its potential contrast. In addition^ 
we have already seen that contrast 
increases with time of development- 
By means, then, of choice of film and 
time of development, the operator 
may vary gamma from about 0.5 to 
4.0. 

By increasing contrast through 
lengthening of time of development, 
a shortening of the effective latitude 
of the film is brought about. This 
may be seen from Fig. 103 in which, 
for a given ex|>osure, different devel- 
opment times have been given a film. 
The latitude of the film is propor- 
tional to the projection of the straight- 
line portion of the curve on the log 
exposure axis. This projection be- 
comes shorter as the slope of the 
straight lines increases. Thus, by in- 
creasing gamma through choice of 
film or development, the effective 
latitude is decreased. This effect is 
described as compression of the tone scale. 
The opposite effect — increase of lati- 
tude — can be accomplished by de- 
creasing development time. 

In Fig. Ill where the same col- 
umn of tones has been photographed 



Fig. Ill, Reproduction of tones, using (a) a 
portrait film; (b) a process film. 


by using (a) portrait film and (b) process film, the sacrifice of latitude for 
contrast is apparent. (Normal development is assumed for each film.) 


12. INCREASING CONTRAST BY COPYING 

Where it is desirable to have great contrast in a negative, process film should 
be used. Contrast can be fiirther increased in an existing negative by making a 
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transparency of the negative on process film, and then making a transparency 
of the transparency. In other words, the negative and a sheet of process film 
are placed in a printing frame and exposed to an ordinary 60 -watt ceiling light 
at six feet for a second or two. This film is now put through the developing 
process. Since it is a positive it must be recopied; hence the process copy is 
exposed on a second sheet of process film. The second sheet of film is then 
developed and printed. This procedure should be used only where extreme 

contrast is desired. 


13. USE OF THE EXPOSURE METER 


It has been stated that the effects of underexposure or overexposure are 

; /'r^Tirlitinns Can bc avoided by use of an exposure 

guess the proper exposure usuafiy must 
es var^dng from one-tenth to ten times his 


is especially 


DUS under -'^or lighting 


rse, best lean rom the n ifacturer’s 

directions. When a ject great range of brig! i is being p ographed, 

readings should be taken c. the brightest and darkest areas, and an exposure 
then chosen which covers this range. The latitude of the film should be taken 

into consideration when determining this exposure. 

The exposure reading which is given by the meter is a correct value for the 

exposure time when the object is at infinity with relation to the focal length of 

the camera. In other words, when the bellows extension of the camera is equal 

to the focal length the reading is correct. If the beUows extension is greater than 

the focal length, the inverse square law for light intensity must be applied. For 

example, if is the meter reading in seconds, F is the focal length of the camera, 

U the bellows extension, and h is the correct exposure time at this extension. 


we have 




When the size of the photographic image is the same as that of the object we 

'“''xhe ‘ncmii'i'n'expo’'sum 'time necessitated by bellows extension becomes 
important only when the object b at close range^ It b more proBmM^ p»tap 

ratio R where ^ object distance 

R — — ? . _ I 1 .u 


exposure of the print 

14. THE SCALE OF A PAPER 

we hare seen that contrast In a negative is chmce rf ^ 

and the length of time of developmenf. In the process, ng of prmb. 
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is almost always carried to gamma infinity, so that the variable factor within 
the photographer’s control is the choice of paper. {It should be mentioned, 
however, that special papers are available with which contrast can be con- 
trolled by development.) Papers are usually numbered from zero to five in the 
order of increasing contrast. The choice of paper is determined by the character 
and purpose of the negative at hand. 



R = RATIO OF OBJECT DISTANCE TO FOCAL LENGTH 


Fig. 112. 

Figure 113 represents the characteristic curves of a series of papers. In each 

case the development has been carried to gamma infinity. Further increase 

in development would merely shift the curve parallel to itself along the log 

exposure axis. These curves differ in contrast and scale. The latitude of a paper 

is the ratio of the exposures corresponding to the end points B and C of the 

straight-line section of the characterL«Mc curve as in Fig. 109. Because of the 

small latitude of papers, it is found more practical to print a paper so that the 

toe and shoulder of the curve are used. Such a print is called a full-scale print. 

The scale of a paper is the ratio of exposures at the toe and shoulder of the curve 
OQJOM (in exposure units) in Fig. 109. * 

We have previously seen that the latitude of a print is much less than the 
latitude of a negative, chiefly because of the limits set upon the extreme tones 
y the nature of the paper. Glossy paper, reflecting 2 per cent of incident light 
m Its deepest black, has a scale of 1 to 50; semimatte, reflecting 7 per cent in 
Its deepest black, has a scale of 1 to 25; matte papers have a scale of 1 to 15. 
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15. CHOOSING A PAPER 

In Fi?. 113 it is seen that the latitude of a paper diminbhes with increasing 
contrast. In choosing a paper for a negative, the scale of the tones in the nega- 
tive must be considered. Faithful tone production (gamma-product of unity) 
may become a secondary consideration to matching as far as possible the range 
of tones in the negative. In ordinars" reproduction ^^orli the negati\e should be 
developed to that degree of contrast which is suited to printing on a long scale 
or soft (No. 0 or 1) paper. In this manner a full-scale print is achieved \sith 
little distortion of tones, because the long-scale paper possesses a characteristic 
curve in which the slope of the toe and shoulder more nearly approach the 
slope of the straight-line portion than in the case of the short-scale or hard 

(No. 4 or 5) paper. 

In practice it ^vill be found that it is ordinarily impossible to mamh the 
exposure scale of the negative with the exposure scale of the positive. This is the 



fundamental difficulty of printing. The negative must be 

of the Dositive, If the negative possesses an exposure scale of 1 to 100 and me 
print ts capable of only ^ to oO, obsto^^ made at (1) the 

tTlder Ythl curve; i.e., the print may^be 

“ . bod. 

shoulder and toe; i.e.. only the middle “Ellice laboratory, 

of tones, but is, ^--'er concenmaung on the detrn ^ 

r:' ;o"rued"thT. ^’detail’ with which he is concerned U diiferenuated 
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tonally. His selection of paper is made with this aim in view. Frequently it is 
necessary to use different papers to print different areas on the same negative. 
Thus all the details in which one is interested may have to be studied in a series 
of prints all made from the same negative but with each print emphasizing a 

different aspect of the whole. 

The role of the print as a “rectifying” agent in overcoming the deficiencies 
of a negative is sometimes misunderstood. Some deficiencies of a negati\’e can 
be relieved in the print; others cannot. A list of the qualities of the negative 
and a brief reference to the effect which the choice of printing paper can have 
on them may elucidate this subject. 

Underexposure and Overexposure 

There is nothing which a print can do towards remedying these deficiencies. 
Such a negative suffers from a compression of tones at one end of the char- 
acteristic curve. The print cannot expand these tones — the result will not be 
the same as if the exposure had lain on the straight-line section of the negative 
characteristic curve. 


Underdevelopment and Overdevelopment 

These defects are simply undesirable gamma values of the negative, but we 
have seen that the gamma-product is the ultimate determinant of the tone 
scale. Hence, we can remedy these defects somewhat by selecting a paper the 
gamma of which will, when multiplied by the gamma of the negative, give 
more nearly the desired gamma-product. If the negative is overdeveloped, its 
gamma may be 1.7. A No. 0 paper, with a gamma of, let us say, 0.8 will give a 
resulting gamma-product of 1.4. A greatly underdeveloped negative may have 
a gamma of 0.5. A No. 5 paper the gamma of which is about 2.0 will give a 
gamma-product of unity. 


Constant Exposure and Varied Development. 


If we give six negatives the same exposure in photographing a subject and 
then develop them for different times, the choice of grade of paper for a tech- 
nically correct print (gamma-product of unity) would be given by the following 
table: 


Condition oj Negative 
Badly underdeveloped 
U nderdeveloped 
Slighdy underdeveloped 
Correctly developed 
Overdeveloped 
Badly overdeveloped 


Number of Paper 

5 

4 

.3 

2 

1 

0 


Varying Exposures and Constant Development 

If we give the six negatives different exposures within the latitude of the 
film. i.e.. remaininjT nn cfrainrKt _ ... 
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for the same length of time, the resulting negatives will have the same contrast 
but will differ in density. The same grade of paper would be used for all six 
negatives. Different exposures would be used in printing the negatives. The 
resulting prints will be similar in appearance. 

16. EXAMINING THE NEGATIVE 

Before selecting a printing paper a careful visual examination of the negative 

should be made. Detail in shadows and highlights should be noticed as a sign 

of under- or overexposure. The most common error made in estimating the 

qualitv of a negative is to confuse wide density range \%ith overdevelopment 

Ind to conclude that the No. 1 paper should be used. This is a serious error, 

ny great degree of contrast. The deceptive 

le \vide range of brightness values in the 

to the middle tones, which may in fact be 

3 e a lack of c< t which co be gready 


17. exposure TIM OF PRINTS 

Correct Exposure 

The usual advice given for exposing a print is the following: “Select that 

exposure time which will bring up detail from the highlight or densest part of 

the negative.” Unfortunately this pithy recommendation is whoUy mad^u^e 

except for a short-scale negative. The exposure time of a print is affected by^ 
except tor a exposure scale of the negauve is greater than 

Thal'of^rpositive A selection must be made of the range of ton« “ 
which are to be correcdy P" 

lights of the ^ ,he print and the printing time is selected 

the negative is made the hig g 

in accordance wth the prin p q . 4 or 5 paper is selected 

are the ' e o°t the Stott scale of the paper, the lo»r»- 

“ dT"h: ’negath-e U selected as the highlight of the print, and dte 

exposure is made accordingly (Fig- lU)- usually give the cotiect 

exposure tvithout is again usually placed 

uporexperience and test strips for a final, samfactory prmt. 


“TIL to appear in thh c^- 
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Overexposure 

The image appears too rapidly, soon passes the point of proper develop- 
ment. and begins to darken all over. This excessive shortening of development 
time leads to a lack of control of development. 

18. DEVELOPMENT 

Prints are al%vays developed to gamma infinity. WTien detail in the high- 
lights has appeared and the blackest area of the print is a black satisfactorily 
comparable to the original, the print should be removed from the developer. 
Prolonged development will not increase the contrast but will increase only 
the density. Excessive development leads also to a uniform darkening of the 
print due to action on the silver grains which have been unaffected by light. 
This eravin? action is detectable on the border of the print, which has been 
masked from the light. 

For best results, the manufacturer’s directions for timing should be used. If 
the paper is to be developed at 70 F for one minute, use test strips on the Kodak 
Projection Print Scale, and expose the paper for an inter\*al of one minute. 
The sector which looks best after one minute’s development, etc., should be used 
in printing the picture. 



(a) (b) (c) 


Fig. 114. Printing for diflFerent tones using the same negative and grade of paper: 
(a) white; (b) grey; (c) black. 

EXERCISES 

1. *-\s a subject of a photograph select an outdoor view which includes deep shadows 
as well as objects in direct sunlight. Determine the correct exposure for the scene. Take 
three negati\'es at this correct exposure. By using the meter on the shadows only, deter- 
mine an e.xposure time which would yield an underexposed negative. Take three nega- 
tives at this exposure. Take three more negatives at an exposure time which will xield 
an overexposed negative, being guided by the meter reading on the brightest areas. If 

the film used has a wide latimde, expose for a time gready below or in excess of the meter 
reading for the latter nvo groups of negadves. 
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Select one negative from each of the three groups. Develop these three negatives for 
average contrast. Make another selection of three and underdevelop considerably. 

With the last three overdevelop. 

Print the nine negauves on the same grade of paper (normal) and arrange them as 
shown in Table 4 (see Fig. 110). 



1 

1 ^ 

> ;* 

1 

• ' *’ * 

) 1 

♦! 





1 

1 4 

\ ^ 

^ V V 
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TABLE 4 


Overexposed 
Correctly Exposed 
LJnderexposed 


UNDERDEVELOPED 

d 

a 

E 


CORRECTLY 

DEVELOPED 

C 


b 

h 


OV'ERDEVELOPED 

f 

C 

1 


Examine the prints for the following qualities: Prints in the same column will differ in 
respect to the degree in which detail is represented in the shadows and highlights. Prints 
in the same row will differ in the degree of contrast achieved between light and dark 
areas. Note the failure to increase detail in the rows. Print b will, of course, be the 
correct print (since we have not given ourselves a choice of paper). 

2, If the meter reading of the subject is 2 sec, and the bellows extension of the camera 
(10 in. focal length) is 16 in., what is the correct exposure time.^ 

3. Select the negatives a, b, and c of exercise 1. Using papers of three different 
contrasts such as No. 0, No. 2, and No. 5, print each of these negatives. Classify the 
prints as follows: (see Fig. 115) 


TABLE 5 


No. 0 
No. 2 
No. 5 


FLAT NEGATIVE 


.NORMAL NEGATIVE 


HARD NEGATIVE 



In this table the terms flat^ normal^ and hard are used to refer to under, correct, and 
overdevelopment, respectively. Prints lying on the diagonal will more nearly approach 
normal contrast. Prints in the comer above the diagonal will be low in contrast. Those 
below the diagonal wUl be high in contrast. Compare the prints for range of tones. 

GENERAL REFERENCES 

Dutton, L., Perject Print Control^ Galleon Press, New York, 1937. 

Henney, K., and Dudley, B., Handbook of Photography, McGraw-Hill, New York, 1939, 
Chaps. VII and XIV. 

Mees, C. E. K., The Theory of the Photographic Process, Macmillan, New York, 1 942. 
Chaps. V and XX. 


CHAPTER 14 


THE CHEMISTRY OF 

PHOTOGRAPHY 


Before the process of development can be understood, it is necessary to have 
a knowledge of the composition of film and paper materials which are employed 
in photographv. Brieflv, therefore, photographic materials contain light-sensi- 
tive subsmnces, such as silver halide compounds, which are dispersed in a 
gelatin medium. This medium is called the emulsion. It is deposited on a trans- 
parent celluloid or glass base for negative material and on a paper base for 

positive printing material. 

By e.xposure of the emulsion to small amounts of light, a change occurs in 
the silver halide and a latent image results. This latent image is rendered visible 
by the action of certain substances - called dnrlopns - on the e.xposed silver 
halide. The remaining unexposed (and hence unaffected) sUver halide is re- 
moved bv being dissolved in sodium thiosulfate (hypo) which, fortunately, does 
not dissolve free sUver. The various chemicals used m developing and fixing are 
removed bv washing in water, othei^vise chemical stains appear in tune. The 
following treatment will assume that the reader is acquainted wuh these rouUne 
processes, and will aim at an understanding of the basis for their use. 

1 THE DEVELOPMENT PROCESS 

Since contrasty developers are frequently employed in forensic photography 
it would S proHtable to examine one of these in detaU. By study.ng such a 
developer it will be possible to deduce some general conclusions concern. , 
j I and the function of the various chemicals used in them. 

\°formula for a developer suitable lor work in a criminalU.ics laboratory n 

as follows; ^ 250 ml 

1.6 g 

rated) ^^'2 ^ 

6.0 g 

esiccatcd) 34.0 g 

1.0 g 

500 ml 


Water (about 52 C) 
Metol* 

Sodium sulfite (desu 
Hydroquinonc 
Sodium carbonate ( 
Potassium bromide 

make 


net referred to in developer formulas by various other nai 
• This organic compound is rclerrca ‘ ^ 

such as “Pictol.” “Elon,” “Graphol,” ‘ 


iCS 
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For paper development, add 2 parts of water to 1 part of the developer solution 
described above. Develop paper prints about 45 seconds at 70 F. 

The following experiments may be performed in the darkroom using amber- 
colored lights or in the chemical laboratory if the shades are drawn and red or 
amber lamps are substituted for the ordinary lights. Contact paper such as No. 2 
(for normal negatives) should be employed as the source of the light-sensitive 
silver salt. The correct exposure time should be determined for this paper and 
the negative printed, using the developer described above. This printing time 
should then be used in connection with the same negative throughout the 
experiments whenever an exposed print is called for. A suitable negative such 
as a country house with sky, lawn, and trees should be chosen so that there is 
a good gradation and wide variation in the tones of the subject being printed. 

EXERCISES 

1. With constant stirring add 1.6 g of metol to 500 ml of warm (125 F) water. 
Test with litmus paper. After cooling to 65 F-70 F, immerse an exposed print and note 
the results, * 

2. Now add 34 g of desiccated sodium carbonate to the above solution. Test with 
litmus paper. Again immerse an exposed print and note the results. What conclusion 
may be drawn about the acidity or alkalinity required for this developer? 

3. Repeat the first experiment using 6 g of hydroquinone instead of metol. Note 
the results and compare with those of experiment 1 . Add 34 g of sodium carbonate to 
the hydroquinone solution and again note and compare the results. 

4. In the metol, sodium carbonate solution dissolve 6 g of hydroquinone, heating 
the solution if necessary. Immerse an exposed print, note and compare the results. 

5. Dissolve 1 g of potassium bromide in the solution just used and again develop 
an exposed print. What effect has this substance on the image quality — color, contrast, 
stains? Time required for image to develop? 

6. After the remainder of this chapter has been read and the empirical results 
obtained above re-studied, try to predict which of the various components of a developer 
will be increased and which decreased in a solution that is to be used to process x-ray 
film (high contrast is required). Repeat predictions for a solution that is to be used in 
portrait photography (low contrast is usually desired). Compare your predictions with 
the formulas recommended by various manufacturers for x-ray film and portrait work. 
Do you feel that it would be advisable to attempt changing a formula to bring about 
some desired result or should the type of developer chosen in the first place be one that 
was designed by the manufacturer for your purpose? 


Generally, developing solutions contain the following ingredients, the names 
of which indicate their function in the process. 

All solutions, unless otherwise specified, should be used at approximately 65 F-70 F 

temperature. By usults are meant such things as time required for the print first to aonear 

relative speeds with which highlights and shadows appear and gain in intensity, time required 

for complete development, presence of chemical stains, chemical fog, (i.e., unexposed parts 

^e developed), softening effect on the gelatin of the emulsion, and, lastly, the color fblack 
blue, sepia) and over-all quality of the image. ’ 
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2. DEVELOPER 

Developers are usually organic substances such as hydroquinone, metol, 
amidol, pyrogallic acid, etc. Chemically, they are agents which are able to 
convert light-struck silver halide to free metallic silver, but at the same time 
are capable of being controlled, so that they will not convert, i.e., develop, the 

unexposed silver halide during the time of development. 

Developing agents vary in ability to convert e.xposed silver halide to free 

sUver \ list classifving developers according to their developing power may be 

easily compiled from experimental data. Of the organic compounds most fre- 

quentlv employed as developers, metol possesses one of the highest developmg 

potentials. ^Vhen used under adverse conditions, such as temperatmes below 
^ — In a fractional amount of the alkali required 

ide, a developer wath a higher developing 

reas a developer with a lower developing 

:d material u such cond *"ns. 


3. ACCELl^l UD. 

One of ,he experime...^ above showed that the developer (metol) when 
dissaved in water functions ntore satisfactorily when tt ts ,n an alkalme soluhon. 

L water U usuallv on the acid side of the add.base scale after a develop 
has'ton dissolved, it U generally necessary to add a compound whtch wrU render 

the solution (borax) are used. These compounds 

accelerate the developer: sodium hydroxide 
van- in the used in developing solutions where a very high contrast 

IS the most active However, certain undesirable effects such as 

is desired, such as ^Hatin in the emulsion may accompany 

ThfuT ofTtro-^'alkali. In addition, chemical fog and stains may also result 

from a solution employed in fine-grain developers and 

Borate developing potential which consequently do not requim 

w ith developers of high ^ function. Insufficient alkalinity of the 

ihe most active I development and an incomplete 

developer solution, however, resuns 

or weak image. 


ob„.r« "ji:: 

general darkening or fuggmg of b implier a 

umil pota»ium brom.de was add.d developer to convert the 

restrainer functions ,n such a way as to developer from 

exposed silver bromide b“l J^be ^ d,. 

or‘n: u present tn the solution, results from the de^opn 
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indiscriminately converting all the silver halide to free silver, instead of acting 

only upon those portions which have been exposed. 

In addition, there are other defects which may result from an insufficient 
quantity of restrainer — reduced contrast, image development occurring too 
rapidly and only near the surface of the emulsion, staining of the emulsion, the 
color or tone of a print takes on a bluish cast varying from the usual black and 

white. 

Sometimes developer formulas call for substances such as potassium iodide 
or sodium chloride to be used as a restrainer instead of, or in combination with, 
potassium bromide. 

5. PRESERVATIVE 

It is necessar>^ to protect developer solution from oxidation by the oxygen 
of the air. Sodium sulfite is usually added to the solution for this purpose. 
Oxygen reacts with this compound to form sodium sulfate instead of reacting 
with the developer to form colored oxidation products which tend to stain the 
emulsion. In addition, the softening effect of the accelerator on the emulsion is 
lessened by the preser\*ative. 

6. FIXATION 

After the latent image has been developed to the desired gamma, it is 
necessary to stop development at this point. The remaining unexposed silver 
halide must also be removed before the photographic material may be examined 
in daylight. Finally, the emulsion which has been softened by the developer 
solution must be hardened. These requirements may be satisfied by the use of 
a separate solution for each purpose, but usually all three are fulfilled at the 
same time by employing an all-purpose solution known as an acid hardening 
fixing bath which has had a preservative added. Usually, the fixing bath con- 
tains acetic acid to stop development, sodium thiosulfate, which is commonly 
known as hypo, to dissolve the undeveloped silver halide, and an emulsion 
hardener such as potassium alum or formalin. In addition a preservative such 
as sodium sulfite or bisulfite is added to the fixing solution. As in developer 
solutions, the preser\^ative is added to prevent emulsion stains arising from the 
oxidation products of the developer which in this case are carried over in the 
emulsion from the developer solution. The preservative also serves to prevent 

decomposition of the sodium thiosulfate by the acid present, as indicated by the 
following ionic equation: 

Acid 

8.03= + H+ — HSO 3 - + S I 

Sulfile 

7. WASHING 

Undoubtedly everyone is familiar with the discolored or faded prints fre- 
quently found in family photographic albums. These are the result of improper 
washing by the photographer to whom the film was entrusted for printing. In 
order to avoid these defects, it is necessary to recall that ditring the course of 
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levelopment and fixation the chemicals used have penetrated the gelatin 
■mulsions as well as the base or support for the emulsion. These chemical 
mpurities. therefore, must be thoroughly washed out; otherwise they will 
iffect the image by causing it to discolor or fade in time. This is especially true 
n forensic photography \vhere photographic evidence may be called upon later 
in connection with a related investigation, or w'here the case is carried to a 
higher court on appeal. Where the evidence in question is perishable with the 
pa^’ssa^e of time fe.g., fingerprints developed by iodine or indented writing 
developed by oblique lighting techniques), it is obviously very important that 
proper care be exercised in the entire photographic process, and particularly in 

the washing of the negative. 

It can readily be demonstrated that negative materials are easier to wash 
than prints because of the paper fibers which tend to retain the undesirable 
chemicals. For this reason double weight paper is required to be washed more 
than sin-le weight. The working directions for photographic materials usually 
contain ^formation relative to the method and time of washing. These instruc- 
tions should be follo%ved carefully and any time specified for washmg should be 

regarded as a minimuin. 

8. GENERAL 

The directions for processing photographic materials have been carefully 
worked out bv manufacturers for their photographic supplies and should be 
faithfully followed. Developing solutions should not be altered by adding to 
or subtracting from the quantities of chemicals called for m order to attempt 
to brinv about some desired result, such as increased contrast. Ra*" a de- 
eloper°should be used which was originally designed to bring about the d«irrf 
re uh The directions for preparing developing solutions should be close y 
I n a niivinv the chemicals in the manner specified; otherwise undesirable 

resuhs mav follow. For example, if the alkali and developer are addrf without 
any presets alive present, the oxidation products of the developer will probably 

and washing of negatives and prints will insure the perma. 
nence of the silver image without the danger of stains appearing in time. 
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CHAPTER 15 


COLOR PROBLEMS AND 
THE USE OF FILMS, 
FILTERS, AND 
POLARIZING SCREENS 


1. REPRESENTING COLORS IN BLACK-AND-WHITE 
PHOTOGRAPHY 

In discussing the photography of color we shall be interested in the problem 
of the representation of colors as tones in the black-and-white scale. Photography 
by means of color film is, of course, the ideal solution to the problem of color 
representation. The progress recently made in this field will no doubt make 
possible home processing of color film and thus permit its widespread use in 
criminological work. At present, however, the police photographer must rely 
mainly on non-color film. 

The subject of color in the black-and-white tone scale will be treated from 
two points of view: first, the problem of the “correct” rendering of color in the 
black-and-white scale in the sense that the eye will be affected by the brightness 
differences in the finished print in a manner similar to (or to a degree commen- 
surate with) that in which it is affected by the brightness effects of the colors in 
the original subject; second, the problem of achieving maximum contrast 
betsveen Uvo or more colors in their representation in the finished prints, so 
that certain aspects of the subject are emphasized. 

The first of these problems occurs when a “faithful” photograph is desired. 
In the photograph of the scene of a crime, for example, it may not be desirable 
to represent certain red or green objects as black. An objection may be made to 
such a photograph on the grounds that it is a distortion. The second problem is 
of greater interest to the police scientist. It can be thoroughly understood, how- 
ever, only in relation to the first, since its solution follows from that of the first 
as a corollar)^ Contrast of tones in representing colors will, as we shall see, be 
of invaluable assistance to the investigator. The correct choice of filters and 
film emulsions wiU often make \Tsible in the photograph details and aspects of 

the subject which are in\dsible when viewed normally. Erasures, obliterations, 
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and fingerprints present problems in photography which frequently must be 
solved in this manner. 

Three elements control color rendition : the spectral sensitivity of the photo- 
graphic materials, the nature of the light reaching the negative, and the spectral 

sensitivity of the eye. 


2. THE NATURE OF LIGHT 

If a narrow beam of white light is passed through a prism, the resulting 

image is a band of colored light ranging from blue to red. White light, then, is 

a mixture which is the sum total of all the colors in the band of light which we 

call the visible spectrum. On close examination of this band it will be found that 

", for example, leaves off and orange begins. 

word is, in fact, a region of the spectrum the 


we conside 
magnetic ' 
are arrang 
frequency 


as a portion 
e spectrum, 
in the order 
iny wave of 


r defined, 
ttter understo 
lergy - — the e 
sr where the t 

X Itl^ ^*3 wv**. 

of their length. 1 jrod t of the wave length ^ 

radiant energy is always a X IQi® centimeters per second, the speed of light. 

It is interesting to note how small a part of the whole spectrum is mcluded 
in the visible region. In the terminology of sound, the eye covers only one 
octave The human ear has a range of about ten octaves; i.e., the long«t sound 
^vaves perceptible are 1000 times as long as the shortest waves. The eye, however, 
is sensitive in a region where the red or longest waves are only twice as long as 
the violet or shortest waves. Flanking both sides of this spectrum are fight waves 
which do not affect the eye. On the one side are >nfra-red rays, which are m 
long for the eye ; on the other are ultraviolet rays, which are too short. Both of 

wUrJe found to be of great value to the police scientist. The eye differs again 
from the ear in another important property. The ear is capable of an^yzing 

however! cannot determine the spectral components of a complex stimulus such 
as white light or mbced colors. 


3 COLOR SENSITIVITY OF THE EYE 

To understand the reaetton of the eye to dre various coto ot 

of iight of only one wave length - f 

be remembered, however, that the colors P ^ „.^ed 

.0 expmss their length. One um, commonly ^d s the g ^ ^ 
Angstrom unit represents 10 * “"P™ ^ j region. The ultraviolet 

reXn «tend. to ,000 A; the infra-red to 3 X lO- A or 0.03 cm. 
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Figure 116 is a graph illustrating the spectral sensitivity of the eye. The 
ordinates of this curve correspond to relative visibility, which is the reciprocal of 
the relative amount of energy producing a certain sensation of brightness. In 
the curve it is seen that the eye is most sensitive in the green region and its 
sensitivity decreases fairly uniformly on both sides. This high sensitivity in the 
green region is the reason why a green safelight is used in the darkroom with 

panchromatic film. 

We consider now the first problem of the photographer in relation to the 
rendering of colored objects in a photograph — that of correct rendition. In 
making a photographic record of the scene of a crime or in a simple photographic 
record of evidence, the laboratory technician will desire a preser\^ation of rela - 
tive tone values of the colors proportional to the stimuli received from these 
colors by the eye. To do this he must select a film such that its range and sen- 
sitivity in the spectral region will be comparable to that of the eye. No film will 



4000 4500 5000 5500 6000 6500 7000 7500 

WAVE LENGTH (S) 

Fig* 116* Color sensitivity of the eye. 

accomplish this perfectly; panchromatic films, however, most nearly approach 
this goal. A knowledge, then, of the color sensitivity of film materiak is indis- 
pensable to the intelligent photography of colored subjects. For general use the 
following classification of films according to color sensitivity may be made : 

4. COLOR SENSITIVITY OF FILMS 

Class I is the non-color -sensitized type which includes process and commercial 
films. These fi lms are practically color blind, being sensitive, for practical pur- 
poses, only in the ultraviolet and blue-violet regions. They should not be used 
in photographing colored subjects when it is desired to suggest the colors by 
means of tones. Their use should be restricted to black-and-white subjects and 
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CO subjects in which it is desired to render blue as a light tone or to render any 
other color as black. Their sensitivity in the ultraviolet region recommends their 
use in ultraviolet photography. In color rendition, process film is similar to 
orthochroma tic film and panchromatic film when these are used with a blue filter. 

Class II orthochromatic films which are predominantly sensitive in the blue 
and violet, moderately sensitive in yellow and green, and almost insensitive m 
red. Commercial ortho^ verichrome^ and plenachrome are common trade names for 
this type of film. Orthochromatic film may be used to render red darker but 
only at the risk of affecting yellow, purple, and brown. A red safelight may be 
used with Class I and II films. 


Oak 


Jade green Gray 


Pink Medium blue Yellow 



Rich green Autumn Chinese Royal blue Bright red Orange 

brown vermilion 

(a) 



(b) 


Fig. 117. Paint chips photographed lai with process film; (b) with panchromatic film. 


Class III films are known as panchromatic. This type is sensitive to all colors 
including red. Colors are reproduced as tones corresponding in intensity approx- 
imatelv to the intensitv with which the eye would receive them. The correspond- 
ence is not complete because of the increasing sensitivity with which the e>^ 
perceives colors in the sreen re;ion. It is possible by the proper u« of filter^ 
'vitb ptmchromatic film to reproduce colors in the same relat.ve brtgh.ncss that 

ihe eve sees. 
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5. THE PROBLEM OF CONTRAST 

It has been already stated that the more important problem m the black- 
and-white photograph of colored objects is the introduction of contrast into the 
photograph. This can to some extent be accomplished by the use of film alone, 
since orthochromatic film yields the same results as though panchromatic film 
were used with a green filter, and process film gives the effect of orthochromatic 
or panchromatic film wth a blue filter. Thus a blood-stained footprint on a 
green linoleum would when photographed with ortho film appear to be a black 
footprint on a lighter background; a black fingerprint on a blue background 
would in a process film photograph as a black print on a light background , a 
w'hite fingerprint on a yellow background would appear as a white print on 

black, with process film. 

The ability’ to achieve contrast between colors by means of film character- 
istics is quite limited. The usual procedure is to rely upon the use of filters. To 
use filters intelligendy it is necessary to possess some knowledge of their action 

on incident light. 

6. THE EFFECT OF FILTERS 

If one looks through a blue glass, many objects appear blue. This occurs, not 
because the blue glass colors the light which it transmits, but because the blue 
glass absorbs all colors from the white light except blue. Similarly, red glass 
absorbs all colors other than red, thus giving most objects the appearance of red. 
This subtractive process of producing color by transmission through a colored 
medium is called selective absorption. The color of an object to the eye is similarly 
explained. \Vhen white light falls on an object painted green, most of the blue 
and red rays are absorbed so that only the residual green rays are reflected to 
the eye. 

A light filter is a substance designed to absorb light selectively. One form of 
a filter, which is sometimes used in microscopic work, is a flat-sided vessel 
containing a colored solution or dye. The photographic filter is either a thin 
gelatin film impregnated with a dye and enclosed by two transparent glass 
plates, or a solid glass; the latter r>’pe is considered a superior filter. 


7. COMPLEMENTARY COLORS 


Two colors are said to be complementary if their combination results in an 

approximation to white light. For example, blue-green is complementary to red. 

A filter w’ill absorb its complementary color. If we arbitrarily divide the visible 

spectrum into blue, green, and red, the followng statements are approximately 
true: 


A red filter absorbs blue and green wave lengths. 
A green filter absorbs red and blue wave lengths. 
A blue filter absorbs red and green w’ave lengths. 


A more detailed division of the spectrum may be made by means of Fig. 118. 
In the circle each color occupies a sector of a circle. The heavy lines connect 
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complementary colors. A filter of a given 



itary 

cofors. Complemen »loi re indicated 
by heavy lines. 


color will absorb the color at the other 
end of the heavy line and usually the 
adjacent colors also. For example, a 
yellow filter will absorb violet, blue- 
violet, and red-violet. This information 
will be found of assistance in approxi- 
mating a correct choice of filter. It 
must be supplemented, however, by 
more exact knowledge of the charac- 
teristics of the filter. 

8. FILTERS OTHER THAN 
CONTRAST FILTERS 

Before discussing contrast filters, 
which ^ primary purpose of this 
chaptei shall desc t the filters 
which sed for otl purposes so 

that t) mainder < the chapter 

may be uevoted to uic subject of 

contrast. 


Correction or Orthochromatic Filters 

These are designed to alter the incident light in such a manner that, in 
conjunction ^^•ith the spectral sensitivity' characteristics of the film matenal, 
the colors tvill be recorded ^^'ith brightness values similar to those which they 
possess for the eye. This type of filter should be used m photograp^g, for 
Sample, a motor vehicle accident in daylight, where it is desned only to re- 
produce a faithful picture. It wUl be recalled that panchiomanc fi^ resend 

to colors differently from the eye, recording, for example, blue 

ereen A number of filters are avaUable for reducing this blue sensitivity so 

that the green is lighter than the blue, as it is in its effect on the eye. 


Miscellaneous Filters 

Haze filters eliminate aerial haze in outdoor work, 
in making color -separation negatives. Neutral density 
They are especially useful in photomicrography. 


Tricolor filters are used 
filters reduce exposure. 


9. CONTRAST FILTERS 

.K. spo.. Two principle* should ^ , *!«. 
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which absorbs the color. Second, to photograph a color lighter than us back- 
ground, use a filter which transmits that color to the exclusion of others. In 
making a choice of filter, the object should be viewed through various filters and 
the contrast noted in each case. For example, in photographing a blueprint, a 
red filter would be chosen because it would permit the white lines to appear 
white and at the same time exclude the blue, thus giving white lines on a black 
background. A green filter would also be correct if the blue of the blueprint is 

pure blue and not blue-green. 

No attempt will be made here to describe the many filters which are a\ail- 
able to the photographer. In using a filter, the manufacturer’s data should be- 
at hand to provide the needed information. The booklet Wratlen Light Filters, 
published by Eastman Kodak Company, lists a large number of filters together 
with their spectral sensitivity curves. (A partial list is given on p. 558.) These 
sensitivity curves, or wedge spectrograms, provide the only reliable criterion for 
a choice of filters. The general type of filter should first be chosen tentatively by- 
inspection of the object to be photographed. The properties of the filters which 
belong to this class should then be studied in relation to the type of emulsion 
used. 

In order to use contrast filters effectively, consideration must be given to 
both the spectral qualities of the light source, and the color of the object being 
photographed. 

10. UGHT SOURCE 

The simplifying term white light has been used thus far to designate light 
sources in general. The spectral quality of the light source, however, is impor- 



light source. If the incident light is red, a blue or green object tvill appear black 
because the red is absorbed, and there is no blue or green light to be reflected. 
It is for this reason that the colors of materials should not be matched in artificial 
light. Although the spectral qualities of the lights differ but little, materials that 
match in color under artificial light will often fail to match in daylight. Because 
low-temperature light sources such as a kerosene lamp or a candle are deficient 
in blue light, it is impossible to distinguish dark blue from black in this light. An 
incandescent tungsten filament at 3000 C provides a light increasing in photo- 
graphic intensity with increasing wave length. Where great difficulty is experi- 
enced in obtaining a photograph of sufficient contrast, it is worth while to 

photograph the object using daylight instead of artificial light and compare 
the results. 


11. COLOR OF THE OBJECT 

Thus far we have mentioned red backgrounds and blue objects as though 
these colors were found in nature in their pure state. This concept is one of the 
causes of serious errors in the use of filters and is a major source of photographic 
disappointments. Unfortunately, pure colors are rarely found in an object. A 
colored object ordinarUy wUl reflect light of all wave lengths. Purple stationery 
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(Fig. 119), for example, will probably reflect all colors of the spectrum but will 
reflect most intensely in the blue region. We cannot, then, completely darken 
or completely lighten a background by the use of filters since the object will 
always be reflecting light in and outside of the region of the filter. 

The problem is further compli- 
cated by the fact that the color of 
an object varies with the direction of 
illumination and observation. The 
angle formed at the object by the il- 
luminant, and the camera lens will 
affect the color characteristics of the 
object. It is not to be expected that 
the photographer should worry over 
these matters, since there is little that 
can b " te to control them. It is 
well, I ^er, that he re an under- 
stand! the difficu ; which con- 

front ! D that he Ci aterpret any 
lack oi success in the photograph. 





02 


0.1 


FILTER FACTOR 


400 500 600 

WAVE LENGTH (MIUIMICRONS) 

Fig. 119. Spectral reflectance curve of a 
violet paper. 


In using any filter, it must be re- 
membered that the transmitted light 
of all wave lengths is reduced in in- 
tensity. The exposure must conse- 
quently be increased. The amount 
of increase depends upon the source 

of light, the nature of the emulsion, and the color characteristics of the object. 
The manufacturer’s data include a filter factor by which the normal exposure 
time is multiplied to give the approximate time for the exposure with the filter. 

In the case of infra-red film, no filter factor need be used to calculate the 
exposure, because the speed rating given for the film is calculated on the obvious 
assumption that a filter is being used. However, when deep infra-red filters are 

used, a factor must be taken into account. 

13. LIMITATIONS OF FILTERS 

Another source of disappointment is the fact that most common filters do 
not transmit light only in narrow spectral bands in the mimediate regions of 
their dominant wave lengths. It is extremely difficult to prepare a ffiter which 
will transmit one narrow portion of the spectrum and exclude ^ oth^. Some 
transmission in adjacent regions is unavoidable. Certam ^een filters, for exam- 
ple, will transmit in the green and red but not in the yellow. 

14. COMBINATIONS OF FILTERS the 

For special purposes, a combinalion of filters may be used m front rf ^ 
camera iL. For example, to limit the transmission to a narrow regton m the 
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green, it is possible to use a blue and a yellow filler together. To use filteis in 
this manner intelligently, it is necessary to consult the absorption curves of 
filters in the manufacturer’s literature (see also p. 556). It will be found theic 
that in absorption curves the transmission is measured by density and pltuu'd 
against wave length. The absorption curve of a combination of filters is deter- 
mined by adding the ordinates of the separate curves. It is highly desirafjle that 
each filter be used on a suitable color chart, and the characteristics noted in a 
book, before it is used. 

POLARIZING SCREENS 
15. GLARE IN PHOTOGRAPHY 

In laboratory photography the criminalistician will frequently encounter 
subjects which reflect an excessive amount of light in certain areas or directions, 
thus giving an undesirable glare. In photographing, such an area will be repro- 
duced as a greatly overexposed part of the print, in which there is little dis- 



(a) (b) 


Fig. 120. Partial removal of 
polarizing screens; (b) with polarizing screens. 


glare from a fingerprint on a curved surface: (a) withoi ‘ 


cernible detail. If the area in question is of significance to the evidence, elimi- 
nation of the glare becomes a problem of some importance. Curved surfaces arc 
particularly troublesome since they will reflect a glare in certain areas regardless 
of the angle of illumination. Metal, glass, and similar specular surfaces will be 
more difficult than dull or matte surfaces. 

The most common cases in which the problem of glare will arise are cases 
of fingerprints on the curved surfaces of a bottle (Fig, 120), can, bar, doorknob, 
or car door handle. In automobile accident inv^estigation the problem will be 
encountered when the fender contains some mark or pattern of evidential value. 

Polarizing screens are the means used to diminish undesirable reflection. 
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To use these screens effectively it is necessary to have an elementary knowledge 
of the phenomenon of polarization. This knowledge will be of some assistance 
also in microscopic examinations by means of polarized light, where it will be 
found that the polarizing properties of a substance are helpful in its identifica- 
tion, or in a comparison with another substance. 


16. POLARIZED LIGHT 

Light is propagated by means of transverse waves. In these waves the 

direction of vibration is perpendicular to the direction of propagation. The 

transverse vibrations ordinarily take place in all planes. It is possible, however, 

to limit these vibrations to only one plane. The light is then said to be plane 

• which this can be done are the following : 


:als 

restrict the ^ ions of lig vaves to one 
5 t familiar of crystals. 1 effect of one 
M mess is similar to .t a jratin , a vibrating 

rope. The rope - -vnst, oed to vibrate in a ion parall i the gratmg 

elements If the rope must now pass through a second gratmg the full amplitude 
of the vibration is maintained only when the bars of the second graung are 
parallel to those of the first. If bars of the second are at right angles to the first, 
the vibration aeases completely. At intermediate positions the vibration /s 
transmitted with an amplitude that depends on the angle through which the 
second grating is turned. If two Nicol prisms are placed wiA their pnncipal 

are Iced witi principal planes at right angles, fight incident on the s^ond 
prism will not be transmitted and complete extinction results. Intermediate 
Positions will transmit varying intensities of fight. The fim prism trough which 
L light passes is called the polarizer; the second is called the analyzer. 


Scattering 

Lieht scattered from small particles is plane polarized. The blue of the sky 
. ntfra “auvring of >he sun’s Ugbt by sraall paruc.es in the atmosph... 


Reflection , 

Tf IVhf is reflected from a pile of thin glass plates at an angle of dig y 

■; iS. ... -a 

polarization is given by Brewster s law . 

tan i = n 

where n is the refractive index of the substance. 
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17. POLARIZING SCREENS IN PHOTOGRAPHY 

Application of the properties of light just described is made to photography 
by the use of polarizing screens. These screens consist of sheets of a large number 
of slender, parallel crystals. One screen is designed to be placed over the lens. 
If the light is already polarized, rotation of this screen will diminish the intensity 
of the light on the plate. Another screen is placed in front of the light source 
so that only polarized light is transmitted to the subject. This second screen 
behaves as a polarizer; the first screen is an analyzer. 


18. VARIOUS SURFACES 

Metallic Surfaces 

On metallic surfaces there is no partial polarization because the reflection 
is specular, i.e., at the surface; hence the two screens must be used in subduing 
undesirable reflections. If the reflection is along one direction, rotation of the 
screen on the lens will usually gi\'e a position where the reflection is greatly 
diminished. If however the reflection is not along one direction, as on a curved 
or Uvisted surface, no one position of the rotating screen will subdue all the 
reflections. 


NonmetalHc Surfaces 


One screen only need be used on surfaces such as glass, varnished or lac- 
quered objects, liquids, lineoleum, tile, grained wood, leather, fabrics, etc. The 
light reflected from these surfaces is polarized by reflection. Since, however, 
the polarization is ordinarily only partial, and no great degree of extinction 
should be expected, the angle at which the camera is placed is of importance 
(as would be expected from Brewster’s law). The greatest effect is obtained 
when the camera is tilted at an angle of about 35 degrees to the subject. With 
small subjects 

and lights. Photographs taken under these lighting conditions are excellent for 
the purpose of revealing the actual texture of the surface. In certain types of 
document examination such photographs may be of great assistance. When it 
is found that the use of one screen is not effective in reducing the unwanted 
reflection, a photograph should also be made using the second screen, in front 


naturally, the subject can be tilted with respect to the camera 


of the light source. The use of two screens is frequently useless when the subject 
is an irregular surface. Polarized light specularly reflected from polished sur- 
faces remains polarized. If, howe\^er, the polarized light is reflected from an 
irregular surface such as a beady surface, it is again depolarized. 


Photographs in Daylight 

In outdoor pictures the intensity of the light from a blue sky can be greatly 
diminished by use of a polarizing screen in front of the lens. This reduction of 
the luminosity of the sky is helpful where it is desired to make the foreground 
stand out in contrast to the sky. In photographing automobUe accidents, many 
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undesirable reflections are encountered on the various cur% ed surfaces of the 
vehicle. A polarizing screen may help in these cases to reveal detail m th«e 
surfaces which would otherwise be obscured by the reflection, amomobiJe 
should be photographed in open shade. It should be remembered that h,ht 
“ a blue sky I more strongly polariaed in the direction at nght angles to 

the sun’s rays. 

19. EXPOSURE , . 1 u 

The use of polarizing screens naturaUy diminishes the intensity of the light 

"t^r 1-ai- r =:r—srsro - 


iterials 

•rials 


Sunlight and Tungstai 

2.5 


> 


oer cent moi 


osure may necessary 


jjepenaing upui 

in some cases. . j ^ front of the light 

\Vhen two screens are use one factor of 4 or 8 is sometimes 

source — the exposure must be again exposure depends upon the 

angle duough r«iuc«i by dte lens screen. No 

general “ 1 ^ rWi^iSral cases. These notes will be 

;^:‘?“^T:rrn ;mdS„g L m h.t„-e cases of similar namre. 

EXEROSES reoroduction of the spectrum as foUows; 

orr. 

r ■ rr“ ."oi'x: si” . » s 

diameter. -Wnge the P‘«“ ^J^'^^Yabove. Examine the prints carefully from 
'point or view d 

object i" ht I rL”*! 

Yanr„rrrn;rNof r - p- - 

doned in exercise 4 under a Vello.v.,reen dher. .keccuu, 
=; Examine the print mentioned m ex 

for the more natural appearance instrument on a hair- Rojat. 

6. If a polarizing oiors and the var>-ing intens.w of iHunu 

U,e analyzer at the ocular and observe 

nation . 



PROBLEMS 


207 


7 TMn.r the DolariziiiB screen for the camera lens, look through ^ 8cr«n at the 
7. Using the poianang sere™ screen in different directions 

blue sky. Rotate the screen and observe the effect. Face the sc^ 

-.ri. .. Itootam „ 1^ wij. a, .c^.. 

the <««*. V»T the »6le of view ^ deKrato appram,tdy 

snerU « best for f^awiiTiing die texture of the materiaL ^ ^ 

9 Place a fingerprint on the side of a bottle. Photograph this prat 
™ iellTfio^^light source and a screen on the lens to rrfuce the reflecdon 

10. Repeat exerase 9 using a bright metal cylinder such as a tm can or » P‘^ 
chromium-^ted materiaL Rotate the screen on the lens for 

the exposure. Determine the correct exposum by m^ 16 *^ 

negative; Le., pull out the plate holder partiaUy at difiFerent distances for 4 sec, 16 sec, 

64 sec. 4 min 16 sec, etc. 
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CHAPTER 16 


PHOTOGRAPHING 

fingerprints 


: of the crime, i some wea i or other 

often the mo uable piec F chcum- 

santial evidence in :ase j moecunately, it is al 

laboratory. The obvtous "> ,Xl,ne first, it pible, wiUtout 

of photographing the print mji u. fingerprint* second, a photograph 

developing (by powder or oUter bowLr, h will 

should also be made after the pn jifficult and that the resources of the 

be found that the photography iS qu, e „„ Ute spot. 

rh“nrhict c-r-pd then u 

rr^lnfX^eS bS prmu » the laboratont so that the 

original print can be preserved in evidence. 


2. THE CAMERA 

m use soecial equipment in photographing fingerpnnts. 

The aim of fingerprint photography is “^“^r-toine. Practically any 
blach print on a light bach^-d tn the .^-f ^n^__ ^ 

camera of good quality can be us J fingerprint photography. One 

however, several cameras des^n ^ type of camera which photo- 

model is shown in Fig. 121- T is ^ ^ the pnnt 

graphs the print in one-to-one size T by batteries and contained 

Illuminating the print are four sma a camera is also available 

within the camera. The fdm med - ^ be used as the energizing 

that ordinary 1 10-volt, household current m y 
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„„rce for the lampr^ The latter „.«lel h toore ttsehtl it, the la v 

h If not adetsablc to rele only upon the rtae.l-focus 'Vb'Y’';;';';:;;:, 
roina ,0 thcrccttc of a crime fo, the exau.h.att.tn o huyerprtuto \ ol o ,i 
print is so located that it is iinp.tssihlc to plate mi. Ii a tain, la m. 
h in contact teith the surface beariutt the prim. In sneh a snuation ,1 a ho I- 
focus camera is useless since, tehen it is pl.teetl .. fete n.illi.uetei s ate.ie b..i.i Im 
surface, the imaite trill lie out of f... ais, h is also ina.Ie, sable to pla. f i ..tupl' 



Fig. 121. The fixed-focus fingerprint camera. 

reliance upon a built-in lit^htini^ unit because' ol the dant^er ui run-down oi 
defecti\'e batteries. A lis^ht meter should always be used with this camera to lesi 
the illumination and thus calculate the exixjsure. 

When it is necessary to visit the scene of a crime for the purpose of idioio- 
graphing fingerprints, the police scientist should bring with him, in addition 
to a fingerprint camera, an all-purpose camera such as a Leica, C'ontax, or anv 
other good 35 -mm camera, together \vith filters. The Leica type can l)e <‘('|uip|)(‘<l 
with an auxiliary apparatus which will yield a one-to-one size |:)hotograph. In 
addition, it is possible with such a camera to photograph [)rints in plact's inacces- 
sible to a fingerprint camera. In these situations the scale will, of cours(\ lx* no 
longer one-to-one; hence a ruler should be included in the picture. F(jr this 
latter type photograph a 4 by 5 size camera would also serve well. 
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Every effort should be made to obtain a photograph of the fingerprint before 
the print is developed with powder or by other means. Significant details of the 
print may be obliterated in powdering if this is not carefully done. When the 
print consists of black lines on a white surface such as would be made by a dirty 
hand on white woodwork, direct lighting will produce a satisfactory photograph. 
When, however, the print is produced by perspiration and lies on a light surface, 
as in the case of a fingerprint on the blade of a breadknife, it is necessary to 
experiment with the illumination. Side lighting at the proper angle wUl usually 
give good results. The use of filters and polarizing screens should always be 
considered in more difficult cases of background or unwanted reflections. 

4. FILTERS AND FILM 

The choice of powder used in developing the fingerprint wUl depend upon 
the result desired in the photographic image. Naturally, a black print on a light 
background is the ultimate aim of the police scientist because the comparison 
prints of suspects will be black on white. If it is necessary for proper contrast to 
photograph the print aa white on a black background, a transparency w.l be 
Lde ta.er so zL the final print wUl be black on whtte^ The tnlormatton 
” en in Chapter 15 wUl be applicable here. The cho.ce ol iUn, used can b. 
ImUed to process and panchromatic film. Since process film .s approatmately 
eruivalent to a panchromatic film used with a blue filter, tt ts possible lor the 

contrast, however, ^^.J^^P^^;^„,hromatic film is used, the best film lor 

the purpose is a process panchromatic film because 
of the increased contrast. We shall in our discussion 
refer to both process and panchromatic film. (Ortho 
film can be used extensively in this work, but its 
inclusion here would unnecessarUy complicate the 
discussion, since panchromatic film and a filter can 

always be used instead.) i j 

If the fingerprint is found on a light-colored 

background, it is desirable to develop it with black 
powder. \Vhere the color of 

or almost white, a process film should be used, 
background U any other color (viz., yellow, green 
ortd) a panchromatic film should be used with 
a filter which will render the background ^hght as 

possible, 1. ., J background will require a 

fiu:^ rr^d s- s" : ts 

bS a ivue yenow. 



Fiff. 122. Black powder on 

a green and white back- 
jrround. An orthochro- 
tnatic film and a green 
Biter were used. 
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When it is decided that the fm-erprint must be developed wuh wlme pouch . 
to attain contrast or because of the adhesive quality required the- ,-iroblem o th. 
photographer lies in rendering the print white and the background black. 
Where the background is of some uniform color other than blue i oni i asi rs 
achieved bv using process film (or panchromatic with a blue lilti-r). Il tlw b,,( k- 
ground is blue, a panchromatic film without filter will be satisfactorv ahhough 
a red filter (Wratten F) will give better re.sults. Prints on knile lilades, silw-i- 
ware, and glass should be developed with white powder and photographed wnl. 

process film. . 

Many simplifying assumptions have been made in the exam|iles just dis- 
cussed. The terms -'uniformly colored background,' '-yellow, and "blue, ha\c 
very little meaning unless specific wave lengths arc intended. /\ theoretical 
discussion in these terms is useful only in laying drown general princiiiles ol 
attack. In practice a series of ^'probably suitable'’ filters should always be used 
in place of conjecture. The print as seen through the filter is a fair appro.xiination 
to the image which will be yielded by panchromatic film. 



(a) (b) 


Fig. 123. A fingerprint on a blue and white dinner plate, developed with red powder 
and photographed (a) w'ith a pan film; (b) with a process film. 


5. MULTICOLOR BACKGROUNDS AND COLORED POWDERS 

Frequently the fingerprint lies on a background which includes scNcral 
colors. For example, the dinner plate in Fig. 123 was received in evidence in a 
burglary. The plate was very dark blue and white. A print lay in an area which 
included both colors. If black powder had been used, it would have been 
exirernelv difficult to achieve visual contrast in the blue areas; if white had been 

« 7 

used, the same difficulty would have arisen with respect to the white areas. The 
use of a red powder and a process film gave a satisfactory photograph, the red 
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aopearin- black on both the %vhite and blue. Many other simple problems of 
multicoloured backgrounds suggest themselves; their solutions, however, follow 

the same lines as in the plate example. 

6 FLUORESCENT POWDERS AND ULTRAVIOLET LIGHT 

I ; is obvious .hat the use of coloted potvders and Biters will not solve all cases 
of varicolored backgrounds. In difficult cases the prtnt should be developed wt.h 




(a) 


(b) 


Pi,. ... Plngerprlu. ^ 

(a) using process tilm, {O) using f 

, u oc t>nthracene chrvsene, fluoranthene, or uranyl 

a Huorescent powder sue ’^nder ultraviolet light and may be 

phosphate. The print 17 . The resulting print will of course be 

photographed as describe /fluorescent powder to any surface, it is ad- 

white on black. ultraviolet. It is possible that the surface itself 

visable to expose the object to contrast. In the latter case a non- 

L"n?;ow^^^^ be used and a photograph taken under ultraviolet 

light. 

7. INFRA-RED difficult backgrounds is that of 

Another method applicable in treated in the next chapter. A 

infra-red photography, a i^ opaque in the infra-red region 

powder such as graphite or a p transparent in this region, an 

should be used. If the ba^^°^ desired contrast. Obviously, it is necessary 

infra-red PhotograPh wall gue^_^^ charactensttes 

u„d« X radiation, before applying the powder. 

8. fingerprints on glass and p„,i,nn, „„ 

1 , is not uncommon to find ‘'™ f a photograph of 


PHOTOGRAPHING FINGERPRINTS 

camera. The rear surface will then be quite dark since no light is reaching it. 
By photographing each print in this manner, no confusion will arise. 

Another method of treating this case assumes a knowledge of the existence 
of the prints before development. One of the prints is developed with lead 
carbonate; the other remains untouched. The developed print is photographed. 



Fig. 125, Black pow- 
der on a red back- 
ground, using an 
ortho film. Pan film 
and a red filter should 
be used. 





Fig. 126. Black powder on 
yellow paper. Process pan film 
and a G filter were used. 


A jet of hydrogen sulfide is now directed against the print; a chemical reaction 
takes place (PbCOa + H2S — ^ PbS | + HoO + CO2 | ) resulting in the dark- 
ening of the print. The hydrogen sulfide must be carefully directed against the 
print and a long interval of time permitted for the darkening to take place. A 
moist atmosphere helps to speed up the reaction; in the laboratory, a steam 
generator may be directed against the print. The other print is now developed 



(a) (b) 


Fig. 127. Black powder on a blue and white background, using 
(a) a pan film; (b) a process. 

with a white powder. A sheet of black paper is held behind the glass and a 
photograph made without any interference from the blackened sulfide print. 

A fingerprint on the surface of a mirror offers a similar problem. The image 
of the print in the mirror may be confused with the print itself. Some authors 
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PHOTOGRAPHING FINGERPRINTS 

have recommended removing the reflecting surface at the back of the mirror 
and then photoeraphing the print in the usual manner. It be found how- 
ever. that the dirttculty inx oKed is a tns ial one. Oblique lighting which leave, 
the reflecting surface dark offers one solution. Another solution lies m focusing 
crit.callv on''the print and photographing with a long focal length camera at a 
wide opening such as / 4.5. The focus then is on the print itself and not on the 
ima-e which is approximately a centimeter in back of the print. Moreover, if 
the camera is placed parallel to the mirror with the center of the print lying 
approximatelv on the optic a.xis of the camera, the image and print will be 
cxactlv superimposed and the difficultv thus resolved. 


9. TRANSPARENCIES FOR WHITE PRINTS ON BLACK 

Fhe conventional manner of examining prints requires a black print on a 
white surface. A fintrerprint expert examining a white print on a black surface 
is confronted with what appears to be a negative of a fingerprint photograph. 
The exigencies of photography, among other things, frequently require, how- 
ever. the use of white powder. In such cases a transparency must be made from 
the original negative. This is done in the darkroom by placing the original 
negative in a frame and placing on it a sheet of medium-scale film. The frame 
should have spring clamps to press the films together. The films are placed 
notch to notch. This precaution must be taken to prevent a reversal of the rela- 
tive position of the print. The frame is placed on the floor or table and exposed 
to the ceiling light for a second or more, as determined by experience. The 
photographic print is then made from this negative in the usual manner. 

On page 214 a simplified table for photographing fingerprints is given as 
a guide to the beginner. Se\ eral precautions must be observed in using it. First, 
recommendations of film and filter are all made on the assumption that the color 
of the background is ‘"pure"; i.e., the wave lengths reflected by it are grouped 
in a narrow spectral region about the dominant wave length. That such colors 
are rarely found in nature was pointed out in Chapter 15. Second, the same 
assumption is made concerning the transmission of filters; in practice it will be 
found that a filter transmits also in regions neighboring the dominant color. 
Third, the color sense of the indu idual is assumed to be normal. 

In summary', it should be stated that the results in the photography oi 
colored backgrounds are not accurately predictable. The fingerprint photog- 
rapher must ha\ e a good knowledge of the characteristics of film materials and 
filters and he should make a visual inspection of the print with the filter; finally, 
he should he prepared to experiment in the event of initial failure. 


EXERaSES 

1. If a fingerprint camera is available, measure the illumination by means of a light 
meter. The / number will be found on the lens mount or in a catalogue. What is the 
bt'liows extension of the camera, knowing that the plate image is of the same size as the 
object?* From this intormation give the approximate value of the exposure time. 
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2 Place angerprints on a pane of glass, on a dark metaUic surface, and on s 
Photograph before developing and after developing. . ^ . 

3^iL a fingerprint on a yellow, a blue, and a red ba^und. Develop and 
photogr^h.tIn b'i^rand wMte. develop a 

^ fiuorescent powder and 

photoglyph i, known to radiate in the infra-red region, develop 

a tng^t graphic- Pho<cgraph Wra-rad Sto using a fU«r «.ch as W,a,». 

7 Place two fingerprints in corresponding positions on opposite sid^ of a thick 
oanl of^^ch automobUe window. Photograph without devdopmg. using 

^^dT^h-l^SX^I^the highspeed film, because of its longer scale 

detail? 


general, references 

Bs^uung, A.. ■■Einn ncun Fu«nrabdn»I.W-Rep~lu^^ ^ • 

1941, w L„iam.Verlag, Graz, 1935, pp. 344-345. 

Uchem, A., Du City, Mo., 1941, Chap. 10. 

Scott, C. C. Photographu Emdena, Vernon, ivans<.s 
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ULTRAVIOLET AND 

INFRA-RED 

PHOTOGRAPHY 


PHOTOGRAPHY IN ULTRAVIOLET RADIATION 

In Chapter 21 the various applications of ultraviolet radiation to the field of 
criminalistics are described. VSTien positive results are achieved by means of such 
an examination, it is desirable to record this evidence photographically. Such a 
photographic record provides an excellent court exhibit, and in certain cases, 
lends a degree of objecti\dty to the testimony. There are two general kinds of 
photograph made in an ultra\dolet examination; first, photographs of fluores- 
cent substances by the \dsible rays which they emit; second, photographs record- 
ing the reflected and unaltered ultra\iolet radiation itself. 


1. FLUORESCENCE 

When the desired effect of the ultraviolet examination is visible to the eye, 
it can be photographed in the usual manner. Photography of fluorescent sub- 
stances is similar to ordinary photography except for the long exposures in- 
volved. The room must be dark except for the ultraviolet light source. Since 
substances may fluoresce in all regions of the visible spectrum, a panchromatic 
film is used. Focusing is done with a 
illumination from the fluorescence is usucilly too faint for accurate focusing. 
The exposure must usually be determined by experience; it will vary with the 
kind of lamp used and the intensity of fluorescence, in addition to the usual 
variations of film speed. Under a Cooper Hewitt lamp, at//4.5 with a medium - 
speed panchromatic film, the exposure is usually beUveen one and ten minutes. 
Of course, brilliantly fluorescing substances 
fraction of this time. Where the fluorescence is very weak, several hours may 
be necessary to properly expose the film. Under ordinary conditions of fluores- 
cence the followng data are applicable: with two No. 1 photoflood lamps at 
45 degrees, 4 feet from the object, a Coming No. 5860 filter on each lamp, a 
W ratten 2A filter on the lens, and a Superpan Press, Arrow Pan Press, or Super 
Panchro Press film, an exposure of 2 minutes at// 1 1 . 
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, such as teeth, require only a 


bright light on the subject because the 
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.. fluorescent obiects without using any filter over 

It is possible to procedure does not yield satisfactory co^^ 

because of the distinct v-*drty ^f 

that films are quite sensibve iiltraviolet is recorded 

relatively faint image of tiie bac gr i^^terfere with the true fluorescent 

by the film much more mtensely ^ No. 2A, Ilford Q 

image. It is desirable, then, to use ultraviolet region (Fig. 

(No® 805). or Aviol No 102 ,o cu t oo. ^ ^ 



Fia 128. Photographing 


effects. A U.V. Wter « 

filter is placed over the lens 



;x)m.inonly used 
film to the blue 




complete picture 


2. photographs by BEFI-ECr™ ^inotioD may often be value- 

The visible ""^“l^^^uiTto a photograph 

tengths only. The bfroond that the 
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'j 


especially useful in detecting diflFerences in the absorption by ml 
ther coloring materials. 

filter (suc^ as Cknnixig Violet XJltra No- 5860) must be used in photog' 

is filter may be placed over the lens 129) 





SOURCE 



* ' *•% 


in dae pure ultraviolet An adtecoadve 
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or mav be fixed on the lamp (F.g. 130:. When the filler i. m-d over the k- 
the photograph mav be made without darkening the rrxun. With the hlt.r . er 
the lamp the room must be darkened. With the llanovia l.rnip a 4eru - -f hit. : 
is provided, each covering a dilTerent reuion of the ultraviolet spectrunv A 
Wratten No. 18.\ filter is suitable for placing over the camera lens to ab»rb 

the visible wave lengths when a filter is used over the lamp. 


3 1. Fluorescent laundry mark secret writmg a . column in ultra- 

... . .. a,... .... 

amera lens. 

-he ordinary camera lens U not 'region- 

-h" rsS?a-ar - o. a eonsiderah.e re..o„ 
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of the ultraviolet. Similarly, in photomicrography under ultraviolet light, it is 

preferable that the microscope be equipped with quartz lenses. 

Since the wave lengths in the ultraviolet region are shorter than those of 

ordinary light waves they will come to focus at some point in front of the plane 
of exact focus for visible rays. Focusing of the object should first be done m the 
visible light. The back of the camera should then be racked m a distance o 
about ^ of the focal length of the lens. This distance is quite small - about 
inch with a 10-inch lens; hence it is usually possible to solve the focusing 
problem by focusing in visible light and then stopping down to //1 6 or//22. 

Pan, ortho, or process film may be used for ultraviolet photographs since 
they are aU sensitive in the blue-ultraviolet region. For true ultraviolet photog- 
raphy special emulsions sensitized for different regions of the ultraviolet should 
be used. Eastman Kodak Co., for example, provides a spectroscopic plate which 

is sensitive only to wave lengths below 5000 A. 

The following exposure data will be found useful. With two No. 1 photoflood 

lamps at 45 degrees, 4 feet from the object, using Superpan Press, Arrow Pan 
Press, or Super Panchro Press film, an exposure of 4 minutes at//ll is satis- 
factory with a Corning No. 5860 filter. 

3. SOURCES OF ILLUMINATION 

There are many sources of ultraviolet radiation available for police labora- 
tories, ranging in expense from ordinary sunlight to a specially designed lamp. 
The choice of lamp will, of course, be made in accordance with the laboratory’s 
budget. The following list of sources includes several of the less expensive kind : 

Photoflood Lamps 

The ordinary Photoflood lamp can be enclosed in a lightproof housing 
permitting the light to pass through a filter such as the Corning Violet Ultra 
No. 5860 or Heat Resisting Red-Purple Ultra No. 5874. 

Carbon Arc 

The type used for photomicrography is suitable. A Heat Resisting Red- 
Purple Ultra No. 5874 filter or Red-Purple Ultra No. 5870 filter is used. 

Argon Lamp 

The ordinary argon lamps can be used with a No. 5874 or No. 5970 filter. 
Mercury- Vapor Lamps 

These lamps are best suited for ultraviolet work. If they possess quartz 
tubes instead of glass, they will permit the passage of the radiation of shorter 
wave length. The following are common types of this lamp : 

Cooper Hewitt lamp with Nico tube. The glass of the Nico tube is equivalent 
to an ultraviolet filter of the Coming No. 5860 type. 

CJeneral Electric Uviarc burner. 
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Hanovia quartz lamp (Fig. 155). This lamp is enclosed in a housing which 

oermits insertion of various filters. r i i * u 

It i, i. desired to observe fluorescem eftecH, any of these lamps be 

enclosed in a housing and covered with a filter (svhe.e the lamp glass twlf n 

(."TrLer) . The examination must take place In a darkroom. When a photo- 

graph in Y?hral'?n''ii c^'mky'te'^^^ Lrern'lel 

'hfh h^^ aelns (o the « 

inis luic ultraviolet can also be done Nvith the filter 

X“Le’’?rmTtoa''da(k(ned room. For this proeedum an 18A Bter b used 
over the lens to exclude visible radiation resultmg from fluorescence. 



infra-red photography 

Infra-red photographs are j are^^hwisible to the eye. Stains, 

which are important in evidence but and many other 

discussed in detail m Chapter 21. 

4. FILTERS rtf a filter All the well- 

k„o— 1^ mr 
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choice of fflttr is dependent upon the spectral r^on within ^ch_ 
operalBr wishes to work. Infca-red filtens can be obtained for wave len^ fr 
5600 A to 9300 A. Usually the filter must be selected by experi^nt m cm 

nalistic work, ance the results are unpredictable. ^ 
deep red color which wffl absorb the shorter wave lengths. The 

filters are sound choices for preUminary trials. Either of the fiillow 

sets of filters will be found adequate for laboratory work. 


TABlaE 7. bifra-red Filters 



KASZICAN kodak 


Wrai 


1 1 ^ 


Nv 


\ti\ 


XiQfWcr limit ofTransnm 


I M 1 1 # ) I 



25 

70 

89a 

88a 

67 

Spode^ Batch 5233. 


6000A 
6700 A 
7000 A 
7400 A 
7700A 
9200A 




6000A 
7250 A 
7500A 
8300 A 
8400A 
9300A 



in r^aid to film holden 
if Ibe hold^ is to remain 
[ooers and devdoDiiiR tec 


dons winch 
plates may 


IKS I K 


224 AN INTRODUCTION TO CRIMINALISTICS 

be used for increased contrast such as that required m document photography. 
Eastman Kodak supplies emulsions for spectroscopic plates which are sensitive 

from 7000 A to 12,000 A. 

6. LIGHT AND EXPOSURE 

The nvo common sources of infra-red radiation ^e the sun and the in- 
candescent tungsten filament lamp. The quantity of i^ra-red radiation m 

is not readily determined. There is no simple relation between visu^ 
radiadon and infra-red radiation; hence an ordinary light meter cannot be 

used to determine the exposure of an infra-red plate in sunlight. 

This however, is not a serious difficulty^ for the police scienmt bei^use his 
. . ^ : ^1.1. invariably confined to the laboratory. Here a tungsten 

ive amount of infra-red radiation from this 
ng of a sTSual meter can be interpreted to 
i-red plate. T^“ »mulsion speed of infra-red 

y that of proc 
.dth tivo No. 

4 feet, a Weston 1 ra ig of 1.5 sviU yield = 

Wratten 87 filter. 


m. Exact < 

)tofloods a^ 

sfactory ex 


. should be 
distance of 
ure with a 


7. FOCUSING 

1 i-K-art vnQthle ravs they are less refrangible 

Since infra-red ray^ (Fig. 275). Ordinary 

and consequendy come to a fo corrected for infra-red. Because 

achromatic and apochromatic lens« are nearer 

of this fact, the invisible infra-red ^age on the , 

to the obsers^er than the ^ cLommendadons for the extent of this rack - 

small fraction of an inch. \ ario obtained because the degree 

ing out are f ° ^ i, ^ funedon of the type of lens used. One 

of refraction of the extension of the camera 0.3 to 0.4 per cent 

rule given is to increase the lens is quite commonly 

of its value after %nsual {ocx^ing. recommendation of Zeiss is given: the 

used in laboratory work, the ^ rhe focal length for Tessar 

increase in bellows extension s ° ^ length. The best rule, however, is 

lenses of//4.5 or//3.5 and record the dat. The 

to determine the correction y P . ^^ual image and then 

the focusing problem. 

exercises r^xsrAer such as anthracene, uranyl 

- arrangement simllai 

to that illustrated by Fig^ 128^ or milk as the ink. Photo 

^difference in exposure. 
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3. Delete a line of ink writing from a check by means of an ink eradicator. Photo- 
graph as in exercise 1. 

4. Repeat exercise 3 with the arrangement of Fig. 129. 

5 Using sunlight or a white-hot incandescent carbon rod, project the spectrum 
on a screen by means of a prism. The spectrum will be continuous from violet to red. 
Blacken the bulb of a sensitive thermometer and place it in the region beyond the red 
end of the visible spectrum. Note the rise in temperature. What conclusion is to be 


drawn from this temperature rise.!* . . , , 

6. Inscribe a name on a card using an iron tannate or gallate ink. Place a drop o 

blood over the writing so as to render part of the name invisible. Place the card upright 

in position for a photograph. At each side of the card place a hot plate or flat iron of at 

least 600 watts. Focus a camera for an infra-red photograph. In complete darkne^ 

expose an infra-red film for at least an hour. Develop and print as usual. No filter is 

needed for this experiment since no visible light is present. An opening of //4.5 may be 


7. Select ten widely varying inks (i.e., green, red, India inks, etc.). Write the names 
of each ink on a sheet of paper using the corresponding ink and a clean nib for each 
name Photograph in the infra-red using the Wratten 70 and 87 filters. 
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CHAPTER 18 


STEREOSCOPIC 

PHOTOGRAPHY 


L APPUCATIONS 

Throughout our study of photography as a tool of the crime laboratory we 
have been concerned mainly with two aims: a faithful reproduction and/or a 
photograph to emphasize or clarify certain details. 

Many opportunities will occur in scientific crime detection where employ- 
ment of the stereoscopic camera will illuminate a difficult point of physical 
evidence. The most obvious use of this camera is that of photographing the 
scene of a crime such as a homicide. Here the spatial relations of the body with 
respect to the walls, furniture, and other objects may be of extreme importance. 



Fig. 133. A torn match found at the scene of a crime is fitted to a match book discovered 
on the person of a suspect. 


The court usually wishes to see a photograph which is undistorted in regard to 
perspective and other matters. Many objections to photographs are made be- 
cause of the many ways in which misrepresentation can be introduced. We have 
dealt with these objections by demonstrating how they can be avoided in a 
photograph based on scientific principles. The final argument against the photo- 
graph — that it is only a two-dimensional representation — is met in part by 
the stereoscopic camera. 
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An excellent use of stereoscopy is suggested by cases which involve *e match- 
ing of parts. The following examples are iUustraUve of this u^; (1) A mateh b 

head lamp. The two fitted parts show a cleavage along a smooth curve of smaU 
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nt^CC* foxittd it the 8CCOC oC s 

curvature. Tlie convincing part of 

A simple photograph of the ^ | made first with the parts fitted 

ing convincingly. ^ s«^oP arated. (3) Broken instruments and 

wires in cases of in connection with motor vehicle cases 

radiator ornaments, side mirrors, etc. m ^ 

(Fig. 134). 

2. BINOCUIAR VISION produce the 

In order to achieve a J^*’^^\uman eyes perceive depth 

photographic equivalent of different^mts 

iryrr;;r d=^^ t 

-4tLvrati 

'^^cU will appear to be in conmet depth is 

It is not true, however, to «y ^ ^^i^t the eye in deternm^ 

monocular vision. Memory and experience w ^uir^ 

to bring relatively near objects into ^ ^ know the s«e o 

The apgte mounded idoci.to » . P'-^” *" 

the object. Difference m relative ve 
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estimating ifistaare. Merely cJhaiiguig tiie point of view is helpful. Side il 

nation also gives an impression of depth. 

In the laboratoEy tiie stereoscopic camera and microscope arc the ii 
which are designed far thice-tfimensional representation. We shall 
here the pi^^es which determine the construction and guide the use < 

stereoscopic camera. 
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3, PERCEPTION OF DEPTH IN PHOTOGRAPHY 

It is possible to create the sensation of relief in photography by viewing two 
photographs which are designed to give each eye the view which it would have 
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POSITIVE 

TRANSmENCV 


NlSSRnVE 
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consisting of two lenses or one lens and a prism device can be used, only one 

exposure being necessary. . . 

The effect of viewing the positives can be understood by exan^ng Fig. 135. 
Here U and U are the positions of the two lenses (or the smgle lens which is 

shifted between exposures). The object MNPQ. is Photographed on two nega- 

tives Nh and Nr (the left and r^ht 

negatives). If now transparencies are 

made from these negatives £ind viewed 

from the correct viewpoints and 

Er (Fig. 136), i.e., from a position of 

the eyes corresponding to the position 
of the lenses with respect to the nega- 
tives, the effect of relief will be ex- 
perienced. Figure 136 illustrates the 
effect of viewing transparencies Tj, 
and T tis manner le sensation 

of vie the origin nibject will 

be exi iced if th< iserver pos- 

.al vision. 



4. LIMITS OF STEREO- 
SCOPIC VISION 

The ability to perceive depth di- 
minishes with distance. The limit be- 
yond which depth is not perceptible 
is approximately 700 feet. In Fig. 137, 
the depth PQ,is perceptible although 
(ilies behind P from the point of view 

a,e Hgh. eye. The 

,„b.endcd at a.e left eye by “ Sinee 9 b small, by ~d.S 

? equal to fl in radians, it can easily be shown that 

/I 1\ (1) 


From this it foUows that 


PQ. 


* 

9-P - e 


( 2 ) 


The minimum value of » for STrf dlpth peiSption 

pproximately 0.0003 radian. To determme tn 

assume that pomt Q. is at infinity. 

Rearranging equation (2) we have 

9 f 
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Tf P =-■ 

If 9 = CO, ^ d 

Since 6 = 0.0003 radian and « = 2.5 inches, p has an appro.ximate value of 
700 feet. Beyond this distance there is no direct perception of depth. 

The ability to perceive depth can be enhanced with the aid of an optical 
instrument such as a binocular. If M is the magnifying power of the instrument 
and / is its interocular distance, it can be shown that equation (2) becomes 


q- p 


Me' 


and equation (4) becomes 




From this latter equation we can see that by increasing the intcrocular distance 
or by observing an enlarged image through the use of an optical instrument, it 
is possible to increase p; i.e., depth can be perceived at a distance greater than 
700 feet. By using five-power prism binoculars with an interocular separation of 
5 inches, relief can be perceived as far as 7000 feet, according to equation (5). 

For the ordinary stereoscopic camera, however, the radius of stereoscopic 
\-ision is less than that of the eyes because of the limitations imposed by the 
reduction in size and the graininess of the film. For a long focal length lens the 
limit is approximately 200 feet; with a lens of short focal length, the limit is 
approximately 50 feet. These limits are, of course, affected by the separation of 

the lenses. 


5. STEREOSCOPIC CAMERAS 

It has been pointed out that the essential element of a stereoscopic photo- 
graph is the production of two negatives from two different points of view. 
This may be done by moving the camera or by using a specially designed 
camera. The special camera can be constructed with two identical lenses or 
with one lens, the light beam being divided so that the light entering each half 
of the objective is transmitted to the corresponding negative. 

Another type of stereoscopic camera is one in which the plate and the lens 
are permitted to slide into different positions. Figure 138 shows a camera of this 
type which is excellently adapted for the work of the laborator>^ This camera 
has a fixed bellows extension so that focusing is done by sliding the whole 
camera on the upright bar. Two exposures are made: the plateholder and lens 
are first placed at one side and an exposure is then made; this procedure is 
repeated with the plateholder and lens moved to the other side. The camera is 
equipped with a set of six lenses so that magnifications from IX to 24X can 
be obtained. The focal lengths range from 48 mm to 5| inches. ^Vith these 
lenses the camera is equipped also for ordinary’ low-power photomicrography. 

An excellent means of recording photographically the various aspects of the 
scene of a crime is that of a stereoscopic camera of the 35 mm type. The ordinary 
35 mm camera can be adapted for this work by means of a stereoscopic attach- 
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lent which divides the beam of light as described above. A transparency is 

lade from the negative and viewed through a special viewing device. With this 

tt nent an inexpensive record of the details of a crime can be made in a 

hort time. It is recommended that, as a matter of routine, such a record should 

>e made at the scene of the crime. Since the defendant’s trial usually takes place 

ome months after the crime, many of the details of the physical surroundings of 

he crime will escape the memory of the expert ivitness on the stand. Although 

hese detaUs may be unimportant, the interrogating counsel wiU place great 

,alue on them as an indication of the reliabUity of the witness’ testimony. It is 

well then, for the expert iritness to refresh his memory by means of a photo- 

. .1 -.r A ctT*ir» nf twentv frames will usually 



Orthostcreoscopic 


Fig. 139. Stereoscope. 


required at the trial. available for practical use. 

’ 0.h„ of ^ 

These differ mainly in the method y nooularity. In the vectograph 

present the vectograph method is print. The images differ in 

the desired stereoscopic effect. 

6. PRINTraG THE STEBEOSOOPIC photogr-pl^ b 

The essential srith *e right lens be presented 

that the print made from the negaave 
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to the right eye in viewing, and similarly the left print to the left eye. If this 
condition is not observed, a pseudoscopic view results. The p.seudo.scopic cflect 
is a “reverse relief’ effect; the rear planes appear to be near and the- forward 
planes far, thus giving to some objects the appearance of being turned inside 
out. This effect is most pronounced in photographs of simple geometric designs 
such as polyhedra. In the case of ordinary objects the effect may be difheult 
to observe, because the observer’s memory dictates the conventional impression. 

The print, then, should be made so that the view pre.scnted to the right lens 
is on the right side of the print when it is being viewed by the eyes, fo accom- 
plish this, ordinarily it is necessary to transpose the right and left sides of the 
negative when printing. If the two views are on one negative, the right negative 
is printed on the left side of the paper and the left negative on the right side. 
The negative can be cut in two and printed or a printing frame devised so that 
the right side of the negative is printed on the left side of the paper. In some 
cameras designed specifically for stereoscopy no transposition is required in 
printing the negative. With the camera shown in Fig. 138 this is accomplished 

by shifting both plate and lens between exposures. 

The printing of transparencies requires a technique varying with the type 
of camera used in making the negatives and the apparatus used for viewing the 
positive. With 35-mm cameras the manufacturer’s directions supply the neces- 
sary information. It should be mentioned in passing that the stereoscopic effect 
is greatly enhanced in the transparency. In fact, the viewing of a single trans- 
parency provides an illusion of three dimensions which is absent in the paper 

print. 


7. THE STEREOSCOPE 

In order to examine a stereogram or stereoscopic print, it is necessary to 
view the right and left photograph with the right and left eye respectively. It 
is possible to train the eyes to do this, but only with considerable practice and 
without the comfort required for a careful examination. A viewing device or 
stereoscope is ordinarily used for this purpose. The most common type consists 
of an arrangement (Fig. 139) wherein each eye is presented with a converging 
lens and a prism device to alter the direction of the entering rays. The optics 
for the right and left eye are separated by a septum (Fig. 140). Prismatic lenses 
are also used in this type of instrument. 

A similar device is used for viewing stereograms in the form of transparen- 
cies. The stereoscope in this case is lighttight on the sides and has a groundglass 
back to illuminate the film from the rear. The lenses provide a greater magnifica- 
tion since the film is usually of 35 mm size. 

8. STEREOSCOPIC PHOTOMICROGRAPHY 

The extremely limited depth of field in ordinary photomicrography makes 
it difficult to interpret the various details of the photograph. A three-dimen- 
sional view of the subject often clarifies the picture to a great extent even though 
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the sensation of relief is restricted to the region of the depth of field of the system. 
Most of the devices available for stereoscopic photomicrography are dedgned 
for low-power work. The instrument shown in Fig. 1 38 is appUcabie for mag- 
nifications up to 24X. A camera arrangement can be obtained for the Gree- 
nouKh binocular microscope. For magnifications greater than 80X, a smgle 

mirro.scone is used. To obtain the necessary two views, several methods 



Fig. 140. Optial .yrtem of die itereoaope. 

one-half of the objective for ^ to give a satisfactory photomicro- 

stereograph. A ciitnilar diaphri^ ui placed over Aeba^ ^ 

The diaphragm has a rotated through 180 degrees be- 

to that of the diaphragm). The^phra^ coverine onihalf of the ima©: 
tween exposures. A similar metherf 

at the Ramsden circle m exit P“P** *!;^“S.^een exposures. The mo«> 

Another procedure is to move the staee or rotation about an 

ment can be one of translation along the JLis of the mechanical 

axis parallel to the stage A of a centering objective 

stage or by displacing the objroove U^ly advantageous to use a camera 
holder. In conjunction with plate with a separation equal 

to the interpupiUary distance, 62 mm or 2.5 mches. 1 P™ 

in mounting* 
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EXERCISES 

1. Standing in front of a wail hold a pencil in front of one eye and close the othei 
eye. Observe the difficulty in esthnating the distance of the pencil from the wall. Notice 
the assistance provided in estimating the distance by the accommodation of the eye in 
focusing hrst on the pencil and then on the wall. 

2. Using a 4 by 5 Speed Graphic or Graflex-type camera, make a pair of stereoscopic 
photographs by shifting the camera laterally through the interpupillary distance between 
exposures. Photograph an outdoor scene focusing on the hyperfocal plane. Use an //22 
opening. 

3. Repeat exercise 2 using a wide angle (3 in.) lens and a telephoto (13 in.) lens. 
Compare the three for limit of depth perception by viewing them through a stereoscope. 

4. Using a 35-mm-type camera mak e a stereoscopic pair of photographs, either by 
shifting the camera or by means of the manufacturer’s device, if available. Make a 
transparency of the pair, and view by means of an appropriate viewing device. Close 
one eye and observe the illusion of depth provided by single transparency. 

5- With the 35-mm camera (on the same roll used in exercise 4, make a set of stereo- 
scopic pairs of a piece of fractured glass to show the fit of two pieces. Photograph first 
with the pieces close together and then slightly separated. Make a similar set with a 
book of matches and a match tom from the book. 

6. Make a photomicro-stereograph of some detail on the face of a coin. Photograph 
at low power say, 25 or 50X. Use the method most suited to the apparatus available. 
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CHAPTER jy 


DIRECTION OF FORCE 
IN BROKEN WINDOWS 


Occasionally the successful investigation of a case depends upon the deter- 
mination of the direction from which a bullet was fired or a blow was struck with 
reference to a pane of glass. A bullet hole in a car window, or a fractured window 


in a house may be explained by a 
witness in a manner which arouses 
suspicion. For example, in cases of a 
simulated burglary the window may 
have been broken from the inside in- 
stead of the outside. Again, the op- 
erator of a car in order to evade the 


consequences of a hit-and-run acci- 
dent may drive the car some distance 
from the scene of the accident and 
abandon it in circumstances which 
would suggest that the car had been 
stolen. He may then claim that he 
was not operating the car at the time 
of the accident and point to the dam- 
aged window of the car for corrobora- 
tion. Ordinarily he will not have 
broken the windows from the outside 
because of the danger of arousing 
the suspicion of possible witnesses. 

It is the problem, then, of the labo- 
ratory investigator to determine the 
direction in which force was applied 
in breaking the window. The frac- 



Fig. 141, Typical glass fracture. 


tured glass will be similar in appearance to Fig. 141. The general pattern consists 
of continuous lines radiating from the point of impact and interrupted spirals con - 
centric with the point of impact. Four phenomena should be observed in deter- 
mining the direction of the blow: (a) cone fractures, (b) radial fractures, 
(c) spiral fractures, (d) rib and hackle marks on the cross-sectional surfaces. 
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From a study of these phenomena it is possible to derive the following 
information 

(a) The direction of impact 

(b) The point of impact 

(c) The direction of travel of a given fracture 

(d) The nature of the shock causing the fracture — whether mechanical or 
thermal 

(e) The nature of the physical shock — whether a steady force or a sharp 
blow 

(f) The relative velocity of the fracture — whether slow or explosive 

(g) Conditions of strain in the glass — ^vhether tempered or untempered 

1. CONE FRACTURES - 

If a metal ball or pebble is thrown through a %s-indowpane a crater is formed 
on the opposite surface (.opposite to the impact surface) of the glass (Fig. 142). 



A fracture produced by a bullet: (a) entrance si 


side. 


This crater or cone fracture is caused by the great tension which U localized 

conf fracTurTcaSsed ‘bv “XT rddhionaltf^r^adon concerning 'the^dhec^ 
don of impact is given by rhe dUtribuuon of undo'rmTXg. 

IXXXaX^hoXXt aXnXfXThe left. (Directions are tahen from 
the point of v-iew of the person shooting.) 
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2. RADIAL FRACTURES 

The impulse of the bullet, stone, or instrument produces a flexure of the 
glass away from the point of impact. The surface opposite the impact is thrown 
into a state of tension which, because of the imperfect elasticity of glass, results 
in cracking along radial lines (Fig. 143). The cracking begins on the side oppo- 



Fig. 143. Radial and spiral fractures. 


site to the side of impact. This is due to the fact that the molecules are crowded 
together on the side of the blow and separated on the opposite side until the 
elastic limit is exceeded. On the opposite surface the fracture travels faster 
than on the impact surface. 

3. SPIRAL FRACTURES 3 

This type of fracture is not always present in broken panes. It is most com- 
monly found in laminated glass, such as that of automobile windows, probably 
because laminated glass is more flexible than ordinary sheet glass. Immediately 
after impact the glass rebounds and the compression stress on the impact surface 
changes to tension. The glass now begins to crack on the impact surface irt the 
form of spirals which are interrupted by the radial fractures (Fig. 143). The 
fracture travels more rapidly on the impact surface than on the opposite surface. 
Tryhorn^ and others describe the formation of spiral fractures in substantiallv 
the following manner. The cracking into radial lines divides the pane into a 
number of triangles or sectors of glass. These triangles are pushed out from the 
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point of impact by the initial impulse. This pushing out is resisted by the main 
body of the glass, which is fairly rigid. The effect of a torque is produced, and 
if the force is sufficient, the glass is now pushed in the opposite direction until 
again the limit of elasticity is exceeded and the glass begins to break on the side 
where the blow was struck. The cracking now takes place along quasi circles, 
concentric with the point of impact. The circles are interrupted by the con- 
tinuous radial lines, which preceded them. Haward* haS 



shown that the number of spiral patterns present in a 
fracture depends also upon the nature of the impinging 
force; a rapid, dynamic force produces more spiral pat- 
terns than a slow, relatively static force even though the 
total energ\' involved is the same in both cases. 


4. CROSS-SECTIONAL SURFACE 

Figure 144 is a cross-sectional view of a glass fracture. 
Two general t\’pes of markings may be \isible in the cross 
section — rib marks and hackle marks. Either or both of 
these marks may be absent in a fracture. Their shape 
and frequency depend upon the nature of the fracturing 

force and the glass. 


Rib Marks 

In 144 the lines which begin normal to one 

surface and curve asv’mptotically toward the other are 
called rib marks. These ribs indicate rest points in the 
forward movement of the fracture. The direction of mo\ e- 
ment of a fracture is such that the fracture approaches 
the rib mark on the concave side and leaves on the con- 
vex side. A series of ribs regularly produced indicates a 
slow fracture caused by a minimum force. Heasy rib 
marks spaced far apart indicate a region of tension. For 
our purposes the most significant aspect of rib marks is 
the fact that they begin normal to the surface on which 
the glass begins to crack and end tangential to the other 
surface. This phenomenon will be the chief criterion for 
act surface in a glass fracture. The procedure therefore 
her the fracture is radial or spiral. If the fracture is 
urface is the one which is tangent to the rib marks. 
1 the impact surface is the one which is at right angles to 

atter conclusions follow from the facts that radial 

apposite to the impact surface, ° 

i^marks are perpendicular to the side on which the frac- 

45(a) the arrow indicates the direction of the force in a 
Fie. 145Cb) a spiral fracture. 


Fig. 144. Cross-s 
tional view of a gl 
fracture showing i 
marks* 





Fig. 145. Direction of impact in (a) radial fractures; (b) spiral fractures. 


Hackle Marks 

The straight lines in Fig. 146 are called hackle marks. They run in the direc- 
tion of movement of the fracture and are at right angles to the rib marks. 
Hackle marks indicate that the failure of the glass was due to a large shearing 
force, and that the rupture was sudden and explosive in nature. Since these 
marks run through the ribs at right angles they offer an additional aid in deter- 
mining the impact surface, particularly in those cases where hackle marks are 
present in the absence of ribs. 




146. Hackle 


1 1 


arks (lOX). 


Photographing the Cross-sectional Surface 

In presenting court testimony concerning glass fractures, an enlarged photo- 
graph of the cross-sectional surface is of great value. A photomicrograph of the 
surface at a 6X enlargement is satisfactory. The illumination should be oblique 
to emphasize the rib marks. Another method, described by Oughton,® produces 
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Fig. 147. Shadowgraph mt^hod lor 
photographing the trow •ectiooal »ur- 

facc. 


5. NAHTY €AJiSS 

lhi« hind 4 whk It i« tiKSt 

nitmly fivund in auli:ifTtot^:a. dom s§g* 
•hattrr when Mrurk th^tpiy, hri«r 

H nurrllrnt fcir ttudvine rmdud mad ^fknd 
frJK’turrs. \Vr Ksvr »rrn ihst thr radU 
cracks lirem from thr ndr ofipaaitr to dir 
ssdr of impact, and thr spiral fracturas hr* 
ein from thr ssdr erf impact I rrqurMh^ hi 
thr casr erf safrty %lmm thr crarkfrat » nut 
e^Knfdrtr; i.r., thr radial cracks do aa« 
rstrnd to thr fair erf impart and thr spnl 
cracks eio not rxtmd to thr eKhrr sidr. In 
addition to thr cruas-arctionai rxamma- 


photogr.phing tae addiia>nal trat for aairty 

AC® 

may be made bv runmiw^ tbc fan(cr- 

r.ail alon.< the surface of the ^las.. If the r^ltal crack, are felt ^ 

that side is mjt the side of impact; if the spiral cracks 

it is the side of impact. In the ab«-nce of spiral fr ac turea, t he fact that the radul 

fracture is felt on one side and not on the other i. si«nifk^t. 

Another test which can be applied to safety ^ <^nds *“ 

of bendini? instead of shatterinn when struck. The sKle on which^ fia* 

struck will be found io be concuve. This eau be «.rd W 

rd«e ruler on the .lass and ol»er>in, the space between the ruler and the td... 
6 PROCEDURE IN EXAMINING A WINDOW 

,f the window has been stntek bu, the j S 

the window fratne, the .lass sbouW be 

fractures. The window can then be retnosed to the laboratory ana 

sectional surfaces examined. ground, a 

If the window has remaining in thr window 

different procedure is nece^ry, Y _ ^ 

frame is not cracked. The distn u ion ,n*rther If the window is rxpoaed 

noted. The next step then is •» P;«' characteristic dirt, .rinse, « 
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water spots, and mav thus be distinguished from the inside. Moreover, in 
piecing the glass together the sides of the glass can be distinguished by the rela- 
tion of the pieces on the ground to the pieces remaining m the window frame^ 
The cross-sectional surface of the reassembled pieces may now be studied and 

the direction of the blow determined. 

With ordinary window glass it will be found that the fractures are usuallv 
complete; i.e., the crack may be felt on both sides. Hence the test pre\iousK 
recommended for safety glass cannot be applied to ordinar>^ glass. 

When there are two bullet holes in a window, one from each side, the prob- 
lem of priority may arise: which bullet went through the window first. This 
question may be important in determining the aggressor in some act of violence. 
To make this determination the fractures caused by each bullet must be exam- 
ined. It will be found that the fractures caused by the first bullet will be com- 
plete, especially the radial cracks; whereas the fractures from the second bullet 
will be interrupted and end-stopped at points where they intersect those from 
the first bullet. In Fig. 148 a few of these interrupted lines are visible. 



Fig. 148. Two bullet holes in glass. The bullet hole on the left was made first. 


EXERCISES 

1. To produce cone fractures, fire a revolver through panes of window glass in the. 
following manner: (1) Perpendicular to the glass; (2) at an angle of 45® to the right; 
(3) at an angle of 45° to the left. Obserx'e the cones in each trial. 

2. Using a ball peen hammer on a pane of glass strike a blow so that a pattern of 
radial and spiral fractures is produced. Examine the cross-sectional surfaces of a radial 
and a spiral fracture. Determine the direction of the blow from this examination. 
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3. Repeat exercise 1 with a pane of safety glass. Examine the glass to see if the 
fractures are “through” on both sides. Test for concavity. 

4. Fire two shots, spacing them about a foot apart, in a pane of glass. Determine 
which shot was fired first. 
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CHAPTER 20 


GAMBLING MACHINES, 
MARKED CARDS, AND 
ALTERED DICE 


1. GAMBLING MACHINES 

A gambling machine, from the point of view of the scientific investigator, 
is a mechanical apparatus which is intended to reward the user according to the 
laws of chance or the degree of skill which he exercises. There are two important 
classes into which gambling machines may be divided: (a) slot machines and 
(b) pinball machines. In the slot machine the rewards should depend upon 
chance alone; in the pinball machine they will depend upon skill as well as 
chance. Naturally, these machines must return to their owners a “reasonable” 
profit. If the machine returns an excessive percentage, it is considered to be 

“rigged.” 

In the investigation of gambling machines the nature of the inquiry will 
depend upon the laws of the community concerned. Some communities permit 
gambling devices provided they are honest, i.e., they offer a fair return to the 
player. An inquiry concerned with a machine in such a community would 
endeavor to determine if the machine was so arranged that the owner could 
control the awards by tampering with the apparatus. In other communities 
gcimes of skill only are permitted and the gambling machine may be legal if 
the player is rewarded according to his skill. In such a community an investiga- 
tion of a machine, such as the pinball type, would be made to show that pure 
chance and not skUl determines the awards. 


Slot Machines 

A typical slot machine is shown in Fig. 149. A coin is inserted in the slot, 

the lever on the right-hand side is pulled down and three wheels revolve. 

Facing the player, the wheels show various symbols such as illustrations of 

fruits. \STien the wheels come to a stop, three synmbols are on a line facing the 

player. These symbols determine the number of tokens or coins ^vhich are 

returned to the player at an opening in the base of the machine. In many 

machines an auxiliary device delivers a package of candy to the player in order 
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that the machine may l>e termed a vendine device rather than a cramhlin? 
machine. 

I'he mechanism of this type of machine is loo complex to Ik- d<‘M ril»rd here. 
This complexity is chiefly due to the ingenuity employed in proieciin« th - 
machine from being cheated. When a coin is inserted into the slot it can f.»llti\s 
one of three paths: it can follow the pay-out tube, go into the jack-pot, or l>e 
def)Osiied in the coin box. The pay-out lube delivers coins or slutjs when winning 



combinations appear on the wheels. One combination rdeases the jack-^h 
which is the ma.stimum reward. The coin box retains the house w.nnmgs 

rjin be oDcned onlv bv the owner, u ^ 

In an investigation of a slot machine it is not necessary to make an exhaustive 

study of the mechanism. A statistical analysis is usually sufficient. ^ ^ ° 
to he irhinrand to establish the frequency with which --am comb^ 
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set of levers at the back of the mechanism it is possible to release the jack-pot or 
the pay-out tube when the operating lever is pulled. Finally, the machine can 
be adjusted so that certain of the symbols on each wheel do not turn up, thereby 

greatly decreasing the players’ chances. 

To calculate the mathematical probability of a certain set of symbols show- 
ing, we must assume that the probabilities for the symbols on a given wheel are 


equally likely. Thus if there are four 
lemons on a ivheel of twenty symbols, 
the probability of a lemon turning 
up is 4 / 20 . If each wheel has four 
lemons, then the probability of turn- 
ing up three lemons on one line is 
( 4 / 20)3 or 1/125 (see Chap. 46). If 
there is but one jack -pot symbol on 
each wheel, the probability of turning 
up the three symbols is (1/20)* = 
1/8000. A set of such probabilities for 
the various combinations can be com- 
puted in this manner and compared 
with the results of the statistical an- 
alysis. Serious discrepancies between 
the calculated probability and the 
statistical result indicate rigging of 
the machine. The methods of Chap- 
ter 5 should be used in determining 
a statistically reliable difference. 



Pinball Games 

The second class of machine with 
which we are concerned combines 
theoretically the element of skill with 
that of chance. Figure 1 50 is a photo- 
graph of a pinball game, a repre- 
sentative machine of this class. On 
the insertion of a coin in a slot a 
number of balls are delivered to the 
player. A spring plunger at the lower 

right-hand corner is used to project pig. 150. Pin ball machine, 

each ball to the top of the table. 

The table is inclined so that the ball will roll down into a hole or other 
receptacle. An elaborate electrical arrangement records the score according to 
the value assigned to the hole in which the ball comes to rest. Machines are 
variously designed with complex arrangements of obstacles, pins, and recoil 
springs which affect the path of the ball. If the total score for ten balls exceeds 
a certain value the player is rewarded. 
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I he owners of machines of this type usually maintain that they are not 
gambling apparatus because the score depends upon the degree of skill exer- 
cised by the player. This is an important point in law. In some states it has 
been decided that the legaliU' of a game played with such a machine will 
depend upon the degree to which the element of skill determines the score. 
Hence an investigation of a case invoKdng machines of this type should have 
two aims: (1) To form an estimate of the chance of obtaining a winning score 
in plaN-ing the machine, and (2) to determine to w'hat extent the score is affected 
by the skill of the players. 

To conduct such an investigation it is necessary to play the machine a great 
number of times. The dynamical situation which determines the trajectory^ and 
final resting place of a played ball is so complex in nature that a priori conclusions 
reached bv a studv of the machinei-v have no great value. The most that can be 
exp>ected from examining the machiner\- is some insight into the way in which 
the machine can be adjusted to control the relative ease or difficulty of obtaining 

high scores. 

In gathering statistical data on a machine a number of players should be 
employed to operate the machine. In recording scores for any given machine 
the data should include not only the final score of each game but also the number 
of times a ball fell into each hole. Four or five players should make several 
thousand plaN-s in order to determine whether or not skill can be developed by 
practice. .X learning curve should be made for each of the players. These curves 
should be compared with typical learning curves in order to determine whether 
or not any increase in the scores of a player is the result of learning improvement 
or of mere chance distribution. The probable error of the data should also be 

considered before any conclusion is drawn. 

Several thousand random pla\-s are also needed in order to determine the 

probabilitv of certain scores by mere chance. These data can be acquired by 
covering the machine with a cloth and requesting various people to play the 
machine in this condition. The scores obtained by random play should ^ 
compared with those in which the players' skill was employed. Again, the 
methods of Chapter 5 should be used to determine the presence of a statistically 
reliable difference. The absence of a statistically reliable difference would 

indicate that skill had no effect on the scores. 


2. MARKED CARDS 

In communities where gambling is permitted under the law, the use of 
L-r^ r-irds is a rclativelv serious offense because of the consequences (assault, 
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for identification from the back cither in the course of manufacture or at a later 
date by the card sharp who may do this in preparation for a game or during the 
game. The following discussion will elaborate upon the methods and variations 
used in marking cards. 

Marking in Manufacture 

(a) READERS. Cards marked in manufacture are usually called readers in 
the trade. The design on the back of the card is altered according to some scheme 
so that the identity is revealed to a person privy to the scheme. The backs of most 
decks of cards bear a complicated geometrical design. By a slight alteration in 
the geometry or in the shading of the design the suit and number of the card 
are made known. The design of these decks is often that of one of the popular 
brands manufactured by legitimate concerns. An operator using decks marked 
in this manner sometimes wears eve- 
glasses which will magnify suitably. 

Figure 151 shows a set of photographs 
of a deck marked for the game of 
“Blackjack” or “21.” 

(b) STRIPPERS. In these decks 

certain of the cards are trimmed 
slightly, so that, for example, when 
the cards are cut (divided), the cut 
is always made for a longer card, 
leaving the shorter card on top of the 
remaining pile. The cards may be 
trimmed or shaved at the ends, sides 
or corners. The sides of the cards are 
sometimes made slightly concave or 
convex. Any of these arrangements 
will give a skilled operator control of 
certain cards in the deck. The cards Fig. 151. Marked cards, 

which are affected are chosen for the 

purpose of a particular game: three aces for poker; seven-up for whist; two 
red jacks and one red ace for euchre; deuce, eight, ten of spades, and ten of 
diamonds for casino. Strippers are also made in combination with readers. 

The methods of detecting trimmed cards are simple. The first step should be 

the actual cutting of the cards a number of times and noting any recurring 

cards. Secondly, a precision measurement should be made of the length and 

width of representative samples of the cards. A knife-edge square should then 

be used to detect any concavity or convexity. In preparing such evidence foi 

court presentation, enlarged photographs of standard size cards and altered 

cards from the same deck should be made with a ruler included in the field of 
view. 

(c) LL MIJ\OLS READERS. A large number inscribed on the backs of 
these cards is made invisible by color camouflage. These numbers are printed 
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in one color, which is imbedded in other colors so that it is not discernible to 
the naked eye. When observed, however, through a filter, the number b clearly 
seen. For example, if the number is green and the background predominantly 
red, the number will appear white against a black background through a green 
filter. Tinted glasses or a celluloid eyeshade can serve as a filter. The most 
common form of filter is a pair of green sunglasses or a green eyeshade such as 
was formerly used by clerical workers. Obriously, this type of marked card is 
detected bv examining them with a series of filters such as are used in photog- 
raphy. The Eastman Kodak Filter Test Chart, or similar filter card, is satis- 
factory for this purpose. 


A GAME. The card cheat also prepares his 
line and bloc inks are u to alter the 
nks are made I and blue are applied 
ne pen. For ary “shad work, a less 

1. Cards can auc b. „ed or sha by a skil.cd 

olaror. aL a d«:k has been prepared by any of these merhods, tt can be 
Iced in a fresh glassine wrapper and enelosed in the ongtnal eover. 

^ (bl DVR1j\G the game. Although the deck introduced into a game u 

nnr^akfd a“ perfecdy fair, it is possiide for - „7^ 

marking is usually accomp.hhed by rubbing ^ 

or by pricking the n^hT^X in su^a P^ that a linger can 

wax or daub is concealed i fineer is then rubbed on 

dily be plac^J h W the eyel the touch. Jn the 

“me*.:! a lal, sharp punch is attached lo die undcide of the *umb 
or hand by means of adhesive tape. 

The most common iTo? LTumb Igainst the 

farfltus'^cr':;:*™. In *e hands of an eapert. the cards so crimped 
can be located at will by touch or sight. 


3. altered dice 

Another scheme for removing Ae cird g^^e in *at the 

xise of altered dice. A dice game di en, is betting. Thus 

player frequenUy has no opportunity o without permitting 

L casterU 1™-“ fair m " “ dice may be altered 

the victim to study the dice. There are ma y J ^ 

so that the probabUity that certam numben ^ 

rolled is greatly increased. Among the types ir q 

following ; 
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Edge-work Dice 

In this type certain edges are altered to favor specific numbers in the rolling 

Among the common alterations are the following: 

RAISED EDGE. By applying a flatiron to two opposite sides the edges can 

be raised slightly, so that certain faces will be greater in area. 

CUT EDGE. Some dice, instead of the usual six faces, possess narrow con- 
necting faces which are at an angle of 
about 45® with the main faces. By al- 
tering this angle on certain sides the 
roll of the dice is affected. 

SERRATED EDGE. Cuts are 
made on the edge to alter the roll. 

Shaped Dice 

In this type the form of the die is 
no longer that of a perfect cube. By 
altering certain dimensions, a bias 
is introduced in favor of certain 
numbers. This may be done by not only making the distance between one set 
of faces shorter than that between another set, as in the case of bricks or flats., 
but also by tapering the die so that it has the form of a truncated prism. 
Another method of shaping is to bevel one side of the die (Fig. 152). 



Fig. 152. Shaped dice 


Capped Dice 

A special cap can be placed over one side of the die so that its elasticity is 
greater on one side than on the others. Such dice are usually used on tables 

with billard cloth covering (Fig. 1 53). 



Raised Point 

The rolling of the dice can be 
affected by a slight protuberance on 
the center of one of the faces. Another 
technique employed is that of raising 
the spots slightly. 


Filled Dice 

Displacing the center of gravity 
by concealed weights will also increase 
the probability for certain numbers. 
The method usually employed is to 
conceal the additional weight beneath the spots bordering one edge of the die. 
Gold, copper, amalgam, mercury, steel, or lead may be concealed beneath the 
paint (Fig. 154). It is possible also to use in the paint heavy ingredients such as 


Fig. 153. A capped die. 
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lead carbonate, lead oxide, or mercuric sulfide. Fluid, paste, and powder are sold 
for weighting dice. More commonly the dice are manufactured specifically for 
the purpose. The appearance of the dice gives no indication of their altered 
character. Filled dice may be made either of opaque or transparent materials. 



Fig. 154. Radiograph of filled dice. 


Spots of various kinds (concave, flush, bird’s-eye) may conceal weighting 

The' center of gravity can also be displaced by hollowing out the interior 
on one side ; these dice are called floats. 


“Electric” Dice 

Another method of controlling dice is to load them with a ferromagneuc 
:Ld to conduct the ga„. on , table which ; 

down. The Toad used is Tery light. For example, small circular grids of steel 
wire sometimes are inserted beneath the spots. 


4. procedure of examination 

Measurements 

Using a micrometer caliper, ‘"'“"’T”'"? Sraeh du'to see if it 

ro"ufoCar“n'‘,t" wat U rhe“ “> 
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wav, the measurements should be repeated, readings being made on different 
parte of the same faces. The methods of Chapter 5 should be applied in analyz- 
ing the data (see especially p. 46). The dice should be examined for beveling, 
raised edges and spots, convex edges, and other irregularities. 

Displacement of Center of Gravity 

Filled dice can be detected by immersion in a liquid of greater density. To 
achieve equilibrium when floating in such a liquid, the die will assume a posi- 
tion in which the heavier side is downward. The die should be dropped into the 
liquid a number of times until the existence of a suspected tendency is verified. 
Weighted dice can be detected also by the use of a balancing caliper. The die 
is placed in the caliper so that the jaws hold the die by two comers. If the die is 
weighted, it will balance in only one position. 

Weight 

Each die should be weighed on a sensitive chemical balance. Samples of 
similar dice should be procured and a comparison made of the weights. Differ- 
ences of about 0.5 gram or more should be regarded as suspicious. The weight 
of a die is in the region of five or six grams. 

Microscopic Examination 

A low-power binocular microscope should be used to examine dice critically. 
Each edge should be inspected for curving, serration, cuts, elevations, etc. The 
sides should be examined for evidence of capping. Paste, powder, or other 
substance on one side of the die should be regarded with suspicion. The spot? 
should be examined for differences in paint, scratches, and other indications of 

alterations. 

Magnetic Field 

By placing a strong magnet near the dice, concealed ferromagnetic metals 
can be detected. 

Ultraviolet Examination 

Under the ultraviolet lamp in a darkroom, differences in fluorescence may 
be observed. Differences in paint or the presence of foreign powder, paste, or 
other subst 2 uice may be detected in this way. 

X-ray Examination 

A radiograph will reveal the presence of any metal or other foreign sub- 
stance of considerably greater density than ordinary dice materials. Figure 1 54 
shows radiographs of filled dice. An exposure of 8 to 12 seconds at 22 to 26 
inches, using 60 kv and 10 ma will suffice. Commercial ortho film in a regular 
film holder may be used. Any x-ray film would also prove satisfactory for this 
simple subject. No intensifying screens are necessary. 
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Chemical Exa 


1 1 


i nation 


If it is found that the dice are weighted in any manner, chemical analysis 

the substance used is in order. The probable nature of the weighting materials 

ls been discussed previously. Because of the small quantities of weighting 

aterial present, chemical anadysis is sometimes difficult, Spectrography is 

Imirablv suited to such an analysis and should be applied where the facilities 
# 

e available. 


Laws of Probability 

To detect any prejudice toward certain numbers, a statistical analysis of a 
-eat number of rolls will prove helpful. If the experiment is conducted with 
single die, the probability of turning up any number is obviously one out of 
X. If two dice are used the probabilities are given in Table 8. 


TABLE 8 



(These conclusions are derived in Chap. 45.) 

The suspected dice should be roUed a great number of times and the results 
ecorded in a frequency table. These values should be compared with those of 
fable 8 to determine whether there is a statistically reliable difference. 
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CHAPTER 21 


ULTRAVIOLET AND 

INFRA-RED 

EXAMINATIONS* 


ULTRAVIOLET EXAMINATIONS 

1. NATURE OF ULTRAVIOLET LIGHT 

That section of the electromagnetic spectrum between 136 and 4000 A is 
called the ultraviolet region. This range includes five octaves, in contrast to the 
single octave of visible rays from 4500 to 8000 A. The ultraviolet rays lie between 
x-rays and visible rays; they are longer than the former and shorter than the 
latter. Solar radiation includes a portion of the longer ultraviolet rays. As in the 
case of other radiations, these rays can be both beneficial and harmful. Ultra- 
violet light can be temporarily very harmful to the eyes. Snow blindness is the 
result of the reflection of these rays by the snow. In working extensively with 
this light, the eyes should be protected by suitably colored glasses. 

2. USE OF ULTRAVIOLET UGHT 

Ultraviolet light impinging on a substance may be absorbed. In some sub- 
stances the energy which is absorbed results in the displacement of an electron 
from its normal orbit in the atom. In returning to its orbit the electron may give 
up its energy in the form of visible light. This phenomenon is known as photo- 
luminescence. If the substance is visible after the source of energy is removed, the 
phenomenon is called phosphorescence; if the substance ceases to be visible, it is 
called fluorescence. The appearance of an object when fluorescing under ultra- 
violet light may be surprisingly different from that in ordinary light. It is this 
phenomenon which forms the basis of the use of ultraviolet light in the police 
laboratory. Invisible writings, stains, differences in ink, paper, cloth, etc., are 
often discernible in ultraviolet light because of the contrast produced by 
fluorescence. These applications will be discussed in detail later. 


* See Chap. 1 7 for techniques of photography in ultraviolet and infra-red light. 
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3. ULTRAVIOLET SOURCES 

The most common source of ultraviolet light is the sun. The x-isible portion 
v be filtered out and fluorescent effects made obser\'able, if the object is in 

9 

■ dark with respect to other light. Iron arcs and carbon arcs also are sources 
ultraviolet radiation, especially in the short-wave region. In laboraion* 
rk. however, the quartz mercury- -vapor lamp is the most satisfactoiy' source 
ultra% iolet li^ht for the purposes of criminalistics. Its spectrum range extends 



Fig. 155- Hanovia ultraviolet lamp. 



Fig. 156. Portable ultraviolet lamp for 

fluorescent examinations. 


,p.n. , to 14.000 A. but most of the radtation is in the region below 4aOOA^ 

Ouartz ts used be-cause ord.nar^• ^lass does not 

photoeraphv .n the dark. A C:ooper Hcw.tt ^ ^Xem 

mav be used where examinations or photographs are made m differ 
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of the ultraviolet, requiring various filters. To eliminate visible light, black glass 
filters of a nickel-cobalt type are used. An excellent portable unit for fluorescent 

examination is shown in Fig. 156. 


4, EXAMINATIONS BY FLUORESCENCE 


One of the important uses of the fluorescence phenomenon is that of pre- 
liminary examination of substances. A considerable literature has arisen on this 
subject. The literature is (in the field of criminalistics) usually merely descriptive 
— some substances fluoresce, others do not. The color of fluorescence is used in 


distinguishing substances. For example, one finds that two lipstick stains ap- 
pearing the same in ordinary light may fluoresce quite differently. Our treat- 
ment of the use of ultraviolet radiation in criminalistics will not be fortified by 
any theoretical reasoning; we shall merely describe certain observations con- 
cerning the fluorescence of objects which the investigator is frequently called 

upon to examine. 


Stains 

In rape cases garments are usually submitted to the laboratory for an 
examination to determine the presence of semen stains. The garment is placed 
under the ultraviolet lamp and spots which fluoresce are ringed with colored 
crayon (Fig. 157). These spots are then tested for the presence of spermatozoa. 
It will be found that many kinds of stains fluoresce, chief among which is the 
urine stain. Urine has a yellowish fluorescence; semen appears whitish. The 
ultraviolet examination is employed merely to limit the search, and has been 
vastly overrated for its detective properties in the literature of this subject. In 
general, no conclusions are reached concerning the nature of unknown stains 
by this means alone. 


Glass 

When it is necessary to compare two samples of glass, such as the glass 
found at the scene of a motor vehicle accident, and the glass of a suspected car, 
a preliminary ultraviolet examination should be made. If only one sample 
fluoresces, it usually is significant of a difference. 


Gems 

Differences in gems can be sometimes detected by their fluorescence. Sap- 
phires, diamonds, and rubies differ in fluorescence depending upon the locality 
from which they originate. True and artificial pearls can be distinguished by 
the differences in transparency to ultraviolet light. If the image varies in density 
the pearl is genuine; if the image is uniform in density, the pearl is artificial. 


Teeth 

False teeth are dark in ultraviolet light; natural teeth fluoresce white. 



(a) 



F;,. i57. Stains on a shc.t -scaled by -cans of a 
examination: (a) a photograph tn ordinary l.gtit, 

ultraviolet lamp. 
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Fingernails, Polish, Cosmetics 


Fingernails fluoresce. Some polishes are fluorescent, 
sometimes contain rhodamine B or other fluorescent dyes. 
its pigment will fluoresce in those areas. 


Lipstick and rouge 
Skin which has lost 


Secret Writings 

Some secret writing materials are intended to be invisible in ordinary light 
and visible in ultraviolet light. Other materials, such as urine, milk, sputum, etc. 
to which a prisoner may have access, although they are intended to become 
visible on the application of heat, will fluoresce under ultraviolet light (Chap. 

36). 


Altered Docuj 


1 1 


ents 


As a matter of routine, documents which are suspected of being altered 
should be submitted to an ultraviolet examination. Spots which fluoresce may 
have been treated with an ink eradicator. Differences in fluorescence may be 
due to an erasure. Lack of fluorescence where the material fluoresces uniformly 
may also be significant. 


Altered Seals 

If it is suspected that a letter has been opened and resealed, a preliminary 
ultraviolet examination should be made. Glue fluoresces brightly. Gum arabic 
fluoresces, the intensity varying with different waxes and with the lapse of time 
since melting. In examining the suspected letter or parcel, attention should be 
given to differences in intensity and color of fluorescence, which arc indicative 
of resealing. 


Counterfeit Tickets and Coupons 

Forged tickets are usually made by a process differing from that used in 
producing the original. There may be a difference in sizing, tone of paper, or 
colored printing ink. This difference is sometimes clearly seen by the disparity 
in intensity of fluorescence. Parimutuel tickets, which are used at race tracks as 
evidence of an existing bet, arc looked upon by counterfeiters as favorable 
subjects. 


Laundry Marks 

It is the practice of some laundries to place on garments entrusted to them 
an invisible identifying mark. This mark, which is usually a serial number, 
fluoresces under ultraviolet light (Fig. 131). Common classes of cases in which 
laundry marks are of great value are those of abortion and abandonment of 
children. In abortion a towel or sheet is commonly used to wrap the child or 
foetus. This towel or sheet should always be examined for fluorescent laundry 
marks. A file of laundry marks should be maintained so that the owner of the 
towel or sheet may be traced through this laundry. In abandonment cases, a 





Fi.. 13B. A fingerprint on a tnuhicolored 

«ith a fluorescent powder and photographed a m o 
lieht; b in ultraviolet fluorescence. 
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diaper and receiving blanket are usually found on the child. Since abandonment 
is usually a result of poverty and since the poor are not given to sending baby 
garments to laundries, the prospect in these cases is not very hopeful. Neverthe- 
less, the examination should always be made. 

In other cases the perpetrator may leave some article at the scene and from 

the laundry marks contained thereon his identity may be established. For exam- 
ple, a handkerchief used to tie a victim’s hands, or a shirt changed for a fresher 
one would be valuable evidence, and an ultraviolet examination will generally 

yield profitable results. 

Fingerprints 

The matter which may be deposited by the finger after contact with a sur- 
face may contain traces of a fluorescent substance. Where it is undesirable to 
use any of the powdering or other techniques of fingerprint development, an 
iiltraviolet examination should be made. Figure 158 is a photograph of a 
fluorescent fingerprint which was developed with fluorescent powder because 
of the confusing background. 

Statues, Pottery, Ceramics 

Cases occur where the age of pottery or statuary is in question. Differences 
in fluorescence of pottery allegedly from the same source are indicative of dif- 
ference in age. Repairs and retouching are also revealed in this manner. Old 
marble fluoresces differently from new marble. Alleged antiques should be 
suspected where these differences are evident. 

Paintings 

Ultraviolet examinations are useful in questions of the authenticity of 
paintings attributed to old masters. Old varnish has a strong fluorescence. 
Hence, retouching, repairs or other alterations may become visible as dark areas 
in the fairly uniform fluorescence. Examples of paintings executed over a much 
older original have been detected by the difference in intensity and color of 
fluorescence. 

INFRA-RED EXAMINATIONS 

5. THE INFRA-RED REGION 

The infra-red region of the electromagnetic spectrum includes the wave 
lengths from 7600 A to 4 X 10® A. This includes the region which is now termed 
microwaves. The spectrum region of particular interest to the police scientist 
ranges from 7600 A to 20,000 A. Its importance lies in the fact that it includes 
the wave lengths which are invisible to the eye but which affect photographic 
plates. The appearance of an object under infra-red radiation may be quite 
different from its normal aspect. For example, two pieces of cloth of the same 
material may appear similar in ordinary photography. An infra-red photo- 
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raph, however, may reveal a distinct difference in tone. One piece of cloth 
lay appear black and the other light in the photograph. Thus, although the 
yes appeared the same in visible light, their infra-red radiations were quite 
ifferent fFig. 159). In the following applications this possibility of a difference 



Tig. 159. Differentiating 
similar in ordinary light 


dves by infra-red photography. The two cloth samples appear 
a . In the infra-red fb* the difference is apparent. 


of contrast in infra-red radiation is being tested in each case. (The terms opaqu, 
and transparent will be used below to indicate respectively whether an object 

does or does not reflect infra-red radiation.) 


6. CLOTH, PAINTS, AND STAINS IN THE INFRA-RED 


Cloth’ 




In motor vehicle homicides a few fibers are sometimes found on the gi^- 
or analvsis of fibers). 


., c.„„par,so„ of paim. should rd-od. 

,uul. he ...cd A pho.oeraph Scarlep 

L,r car,a.ioos .cm .uanv pho.o. 


2 6 ") 


L'LTRA\'IOLi:r AND rXFRA RI.D l.XAM I N A I lON.s 


uraph while- Paints whicli have et^lor- (*1 r.ni.'Mi 
phoioirraph as hiack. Hence, t hina'M’ hln--. {\>>iv Ma* 
])hcno^ira[)h black. Incliuo. ^ky blue, and (obali 
while. Iron blue is soineiinio luuncl in uTtain ar'-< iw 
10 i)hoion;ra[)h as ij^raw dependine on dc* rckuu.- t\\i 


black and non i-hi-- v. ill 
k. a I id f >11 n-M I i i il I la will 

In iw cr. V. ill pic >a 'Vi -i pi i 

and brii\s in < .ui'iii'j dc v.- 
lui iiw < i\ ii' m blue pi . 



Stains 

It has pre\iuinlv been >iaied ihai ul(ra\i(jlct lieln lie- bcM inraMS ol 
examinin^t a garment or oiht'r objcc i lur stains. I hi'; ni-aliod. howrxrr, dc]>-*nd> 
for its ehicacy upon ihe nuorc'^cenca* 
of the siainino: .substance, (iunpowder 
stains, for example, do not lluoiawce. 

Thus when it is sus[H'Ciecl iliai tliis 
tvpe of stain is present on dark chnh- 
ins:. its pattern may Ite clcariv re- 
N'caled if the dye of the suit is not too 
opaque to infra-red rays. The phot{n 
straph will 2;i\'e the needed contrast 
to the stunpowder stain because the 
carbon and other decomposition 
products present are o})aque to these 
ra^■s. Fieure 16 b sho\N's how usclul de- 
tail invisible in ordinary liehi is made 
visible by infra-red phoiotirai)hy. 

No set rules can be ^iven for 
stains in the infra-red. The relaii\e 
opaciiv of the stain is a function of 
the infra-red region in which the 
photoairaph is made. The experiment 
must be made in each case. The value 




Fig. 160. Powder mark surrounding a bulle! 
hole in a dark colored suit photographed 
with infra-red film. 


of such a phot02:raph i.s not to be 

gainsaid, however, since the information thus revealed will reduce tesiing /<>r 
stains to testins: of stains. 


7. DOCUMENTS AND THE INFRA-RED 


Inks 




A recurring problem in criminalistics is that of deciph<‘rinct \vritinct which 
has been obscured by superimposiiion of other wriiimr. The writiners cannot 
usually be chemically separated. If they are of the same etdor, fiin'rs will he (jf 
no avail. It, howc\ cr, the upper ink is transparent to infra-red and the lower ink 
is opaque, it will be possible to render the under writinct leydble. L'sualK' it is 
difficult to predict results. 

The following writing inks are relaiiveiy opaque to the infra-red: C'hinese 
or India inks, iron tannate inks, and chnnne lol^^vuod inks. Clolored inks 'i.e.. 

or violet) containing synthetic aniline dves or natural coloring 
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nailer, such as indigo, are transparent. In general, however, it is impossible 
o predict the behavior of inks in the infra-red region. Mitchell® states that the 
le^ree of transparency of different inks to infra-red rays depends upon the 
romposition of inks as well as upon their physical properties. Further, he points 
)ut the fact that in certain inks the differential separation of the blue dye by the 
rapillary action of the fibers of the paper is an important consideration. Since 
[he type of ink under investigation is usually unknown, and physical properties 
Ln question are difficult to determine, the investigator should rely on experiment 

in each case. 


Erasures 

In mechanical erasures the ink or pencil may not be completely removed; 
small invisible traces may remain behind. If these traces are present in sufficient 
quantity to form an outline of the writing, an infra-red photograph can render 
the writing visible since the carbon, graphite, and certain inks are opaque. 
Writing which has been apparently removed chemically should also be sub- 
jected to this treatment. 
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Fig. 161. An infra-red photograph of a scaled letter 


Burned Documents 

craned pap„s on .he ..Un, 

burning may sometimes be made legi e in 

re:r:l o^eSnS^Lc^tTe r^Ln^ h^a^s suffered, and the composition of 
the paper. This subject is treated in Chapter 37. 
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ment must be made as part of a thorough examination. Reference has been 
made to this procedure in Chapter 36. 


Unopened Letters 

It is sometimes found necessary, during the course of an investigation, to 
discover the contents of a sealed envelope without opening it (Fig. 161). Infra- 


red photography is sometimes helpful 
here. The letter is placed on the glass 
in a printing frame. A sheet of infra- 
red film is placed over the letter and 
the back of the frame is closed. The 
frame is then exposed to an infra-red 
light source. The exposure will depend 
upon the thickness of the contents of 
the envelope. 

8. SHADOW PHOTOG- 
RAPHY'S 



(a) 


The technique described above 
for unopened letters is an application 
of the general method of shadow 
photography due to Plotnikov. This 
method of photography has been ap- 
plied to the study of other objects 
such as biological specimens and 
metal foils. A notable application is 
the distinguishing of artificial from 
real pearls. The larger nucleus of 
the artificial pearl produces an opaque 
area in the negative which is larger 
than that produced by the real pearl. 

9. MISCEL- 
LANEOUS ^ 2a 21. 22 

The reader will have obser\"ed 
that the success of infra-red photo- 
graphy in criminalistics must be de- 
termined empirically in each case. 
The police scientist has been advised 
to experiment wherever he sees a pos- 
sibility of success. At present we know 
that mfra-red radiations emanate 
from all bodies which are not at 



(h) 



(c) 

Fig. 162. Writing obscured by a blood stain: 
(a) normal appearance; ('b) photographed 
by reflected infra-red; (c) photographed by 
transmitted infra-red. 


absolute zero. The hope in an infra-red examination is that the difference 
in degree of reflectance from different parts of an object may be discovered 
photographicaUy so as to yield profitable contrast. Thus, it is recommended 
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that all specimens of obscured markings or \vritings should be submitted to the 
infra-red process as part of the routine physical examination. Illegible cancella- 
tions, worn inscriptions in shoes, altered records, cards, licenses, etc. , illegible 
markings on cloth, leather, or other substances; fraudulent paintings; and 
many other problems of deciphering which the investigator may meet should 
not be abandoned until an infra-red photograph has been made. Where mod- 
erate success is achieved the possibUity of improvement by oblique Ughting or 
other variation of the illumination should be considered. 

10. INFRA-RED EXAMINATIONS WITHOUT PHOTOGRAPHY 

Within the past decade the possibility of transforming the invisible infra-red 
image into a visible image by means of an electronic device such as an image 

ge converter consists of a means of formmg an 
: surface, and an electron-optical image-forming 
lectron image on a fluorescent screen where it 
; photosensiti irface will ict not only to 

•f the infra-re .veil. Certa lurfaces such as 

caesium on o: a ai sensiuve to radiatioi ong as 11, A. The recent 

development oi me C hicon tube leads us pect that i- examination of 

objects under infra-red radiation by simply observing the transformed image on 
f Lorescent screen will become as much a matter of routme - A-^t 
examinations in the ultraviolet region and x-ray fluoroscopy. The so^^d 
Zp^.cop, which was developed in World War II is a prachcal devree teongh 

which objects can be observed by means of infra-red radiation. 

EXERCISES 

Examine d.e following snh.omce, under 

SLTufht: .Sme. and hlood-Nodce .he d»er„.. 

“'T"iie"‘‘a“;rh^' “ro'SSrsuch a, envelopes, paper .dd. greasy Unger- 

l“*g lTra"'a”“'. Pie. 

viole. lighr. Repeat das emrerse using “™' widi eaeh ink wriu; on one line 

Of dfe r ' L”:rp:^Phr^S°lh" - no„ .e .ladve opaei. of ea. 

Hne o“ o”;x"" test' Sorr'pt^thtdti" 

3s'e t t-’t: trt'otwt" “rr r ."s 

photographs in which the writing is legi e. different types of pencils, 

7. Using five different inks (relatively each case. Photo- 

a set of ten erasures on one sheet of paper. Write the sam 

graph by infra-red. 



ULTRAVIOLET AND INFRA-RED EXAMINATIONS 


269 

XT REFERENCES 

Stearns, E. I., “Infra-red Reflectance in Textiles,” Am. Dyestuff Reptr,^ 33, 131-136 
(1944). 

Bloch, O., “Recent Developments in Infra-red Photography,” Soc. Chem. Ind.^ 
52, 829-837 (1933). 

Cunliffe, P. W., “Application of Infra-red Photography to Textiles,” J. Soc. Dyers 
and ColouristSy 49, (1933), 

Frohlich, A., “Infrarot-Photographie und Textilfarberei,” 11 Textii-^.j 41, (1933). 

Frohlich, A., “Die Infrarotphotographie. Ein neuer Weg zur Materialpriifung in der 
Wirkerei-Indnstrie,” Deut. Wirker^^., 39 (1934). 

Murray, A., and Wilhelm, G., “Photographic Separation of Two Blues,” Nat, 
Lithographer^ 47, 19-21 (1934). 

Mitchell, C. A., “The Use of Infra-red Rays in the Examination of Inks and Pig- 
ments,” Analyst, 60, 454^61 (1935). 

MitcheU, C. A., “The Evidence of Inks and Pencil Pigments,” J, and Proc, Inst, 
Chem, G, B, and L, Part II, 1 0-151 (1937). 

Mitchell, C. A., Inks: Their Composition and Manufacture, 4th ed., Lippincott, Phila- 
delphia, 1937, p. 221. 

Waters, L. A., “The Camera in Court,” Parts VI and VIII, Camera, 47, 361-367 
(1933); 48, 18-22 (1934), 

Ellinwood, L., “Musica Hermanni Contracti,” Eastman School of Musk Studies, 2, 

71 (1936). 

Tyrell, T. F., “The Decipherment of Charred Documents,” 1, Crim, Law and Crim,, 
30, 236-242 (1940). 

Plotnikov, M., “Objective Prufungen der Farbenwiedergrabe auf infrarotemp- 
flndliche Filmen,” Phot. Ind., 35, 637-640 (1936). 

Weber, K., and Savir, M. L., “Die photographische Unterscheidung der natur- 
lichen Perlen von %uchteten,” Phot. Korr., 70, 10-11 (1934). 

Lyon, A. L., “Inira-red Radiations Aid Examination of Paintings,” Tech, Studies, 2, 
203-212 (1934). 

Muller-Skjold, F., and Schmitt, H., “Zur Anwendung der Infrarotphotographie in 
der Maltechnik,” Z' ongew. Chem., 49, 637-640 (1936). 

MuDer-Skjold, F., and Schmitt, H., “Infra-red Photography,” J, Crim, Law and 
Crim,, 26, 757 (1936) (Note). 

Muller-Skjold, F-, and Schmitt, H., “Practical Applications of Infra-Red Pho- 
tography,” J, Crim. Law and Crim., 30, 767-768 (1940). 

Paulus, W., Arch. f. Krim,, 111, 121-124 (1942). (Appearances of stamping inks 
and various writing inks and pencil marks in infrared photography and the possi- 
bility of detecting marks with others stamped over them.) 

Mitchell, C. A., “The Use of Invisible Rays in Criminology,” Medko~Legal and 
Crim. Rev,, 3, 3-13 (1935). 

Martin, F. W., “Infra-red Rays in Criminal Investigation,” Brit, Med. J., 1, 1025- 
1026 (1933); Analyst, 58, 644-646 (1933). 

“Infra-Red Photographs of Illegible Leather Manuscripts,” Brit. Mus. Quart., 8, 
52-53 (1933). 



AN INTRODUCTION TO CRIMINALISTICS 


270 

GENERAL REFERENCES 

ULTRAVIOLET 

Anderson, B. \V., Gem Testing, 4th ed., Heywood, London, 1947, pp. 70, 73, 111, 118, 132. 
Beroud, G., Precis de criminologie et de police scientifique, Payot, Paris, 1938, pp. 62-65. 

Dake, H. C., and DeMent, J., Fluorescent Light and its Applications, Ghem. Pub., New 

York, 1941. 

Danckwortt, P. W., Ljtmineszenz-Analyse in filtrierten ultravioletten Ucht, Akad. Verl^, 

Leipzig, 1934. 

DeMent, J., Fluorochemistry, Chem. Pub., New York, 1945. 

Hirschlaff, E., Fluorescence and Phosphorescence, Methuen, London, 1938. 

ICogel, G., ‘'Die Erkennung von Narben durch Ultraviolett-Fluorcszenz, Axch.f. Krim.y 

’ 105, 37-41 (1939). 

Langenbruch, H., “Use of Ultra-Violet Rays in the Examination of Writing,” Analyst 

55, 468^69 (1930). 

Leroux, J. A. A., and Raub, E., “Untersuchung uber das Verhalten yon echteu und 

gezuchteten Perlen gegenuber ultraviolettem Licht,” Physik^ 48, 722-12^ 

(1928). 

Leroux T. A. A., Raub, E., and Frbhlich, K. W., “Uber das Verhalten von naturlichen 

und gezuchteten Perlen im ultraviolettem Licht,” Z- Physik, 60, 307-312 (1930). 
Locard, E., Traite de criminalistique, Desvigne, Lyon, 1931, Vol. VI, pp. 569-572. 
Mitchell, C. “Ink and Ultra-Violet Light,” Analyst, 55, 746-747 (1930). 

“Erasures and Ultra-Violet Light,” Analyst, 58, 532-533 (1933). 

The Use of Invisible Rays in Criminology,” Medico-Legal and Grim. Reo., 3, 

Nicholls, L. C., “The Use of the Ultra-Violet Lamp in Police Science,” FBI Law Eitf. 

IUdley“ aSio? ^ «*•> NostraBd, New YoA. 

1 939 

Schaeffer E “Uber die Pruftmg von Farbresten mit der Ultralampe im ^isa^enhang 

mi’t elner mikniskopischen Unteisuchung zum Zwecke der Aufdeckung ernes 

Diebstahk,” Arch./. Krim., 86, 68, 73 (1930). 

Seyewetz, J., Les nauvelles mfthodes efanalyse. La lumihe de WW, Badl^ P^is 193 . 
Smart, L. S., “Rayos Invisibles,” Revista de crimtnologza y de pol^. Sept. 

Stahl H Falsuri Jraude si raze ultravioleU, Marvan, Bucuresti, 1933- ’ 

S>Tnons C T., “TTic Fluorescence Test: Ultra-Violet Ught m Cnmmal Investiga 

Pol. J. (Brit.), 3, 235-243 (1930). 

..in.-, l.iirhL” FBI Law Enf. Bull., 15-18, Nov. 1935; 


cc 


INFRA-RED 

Clark, W.. /-/rW, 2nd Wdey, N« YoA.^^. 

Greenwood, H. W., F" Cl»nn Pub.. Nw ^ 

D n Inha-Red Photography, 2nd ed., Blackie, Lo , 



CHAPTER 22 


X-RAYS 


1 . INTRODUCTION 

Many readers will be acquainted with the use of x-rays in medical and 
dental examinations, but the more recent applications to industrial problems 
and criminalistic work will probably be less familiar. As a matter of fact, so 
extensive has been the increased use of this method of physical inspection of 
materials that special films have been developed to meet the demand in this 
Seld for speed, lack of graininess, contrast, and other desirable photographic 
[qualities. In this chapter, it is intended to indicate the possible application of 
these rays to the examination of clue materials and to other police investigations; 
in addition, the general principles that guide industrial radiographers in their 
^vork will be studied together with some modifications appropriate to the more 
unusual applications in police work. 


2- APPUCATIONS TO CRIMINALISTICS 

There are two distinct kinds of x-rays which are used in police investigations : 
Wi/x-rays, which have relatively great penetrative power; and so// x-rays, which 
oorder on the short ultraviolet and therefore possess less penetrative power. 
Indeed, it is this lack of penetrative power that makes the soft x-rays useful and 
d{ interest to the investigator in the police laboratory. 


Uses of Hard or 50-140 Kilovolt X-rays ^ 

The use of x-rays in the examination of suspicious packages for explosive 
devices and mechanisms in sabotage and other criminal cases is perhaps the 
best-known and most obvious application of x-rays in criminalistics. Another 
mportant use of hard x-rays is in the search of baggage, upholstery, walls, etc., 
or secreted contraband such as guns and other dangerous weapons (Fig. 163). 
In suspected sabotage cases where an unexplained failure of a metallic part 
Dccurs, an x-ray examination may be helpful in locating structural defects such 
as voids in the metal which might account for the failure and preclude the 
Dossibility of sabotage. 

The fact that visuallv similar substances varv in their absorotion of x-ravs 
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provides many interesting uses for these rays. Dice, for example, are sometimes 
‘‘loaded” by insertion of a small piece of metal beneath the spots. A radiograph 

such as that of Fig. 164, will clearly 
reveal the presence of the metal. True 
and counterfeit coins can be readily 
distinguished, particularly w hen lead 
is used in the counterfeit since a radio- 
graph will reveal the greater absorp- 
tion by this metal. Similarly, it is pos- 
sible to differentiate between soft and 
lead glass by means of x-rays because 
of the greater absorption of the latter. 

A further use of x-rays is in the 
field of identification. Dead bodies 
which are unidentified can be x-rayed 
to reveal dental work and character- 
istic bone structures such as the si- 
Fig. 163. Radiograph of a suitcase, nuses. These radiographs can be later 

checked against medical records of 
missing persons. X-ray methods have been used also for recording the finger- 
prints (Chap. 8) of partly decomposed bodies^ (Fig- 165). 



Uses of Soft or 4-25 Kilovolt X-Rays ^ ^ 

Although these x-rays have been used in quasi -police work to detect forgeries 
of paintings of old masters,"’^" they have been employed principally in industry 
for the examination of its products, manufactured or natural. Some applications 
which indicate their value in the police laboratory^ are the following: 


(a) CLOTHS A.XD FABRICS^^^^ It is possible to compare two samples of 
cloth or fabric material by studying their respective weaves and detecting the 
presence or absence of weighting materials such as tin or lead. In fabrics with 


complex weaves it may be necessary^ 
to make a stereoscopic radiograph in 
order to unravel the intricacies of the 
design and to make a thorough com- 
parison of other structural details. 

(b) PAPER.^^ Papers may be 
compared for similarities or differ- 
ences in filler impurities and in the 
fiber structure of the paper. Hand- 
made papers may be shown to differ 
from machine-made. 

(c) LEATHER, It is possible to c 
and natural leather, and thereby, in 



Fig. 164. Radiograph of filled dice. 

impare and distinguish between artificial 
certain cases, make comparisons of clue 


materials of this type. 
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(d) JEWELRY}' Imitation diamonds such as zircons and imitation pearls 

may be detected and distinguished from precious stones. 

(e) BIOLOGICAL SPECIMEXS }^’ Additional information concerning the 

classification and structure of seeds, leaves of plants, insects, etc., may be game 
from low-voltage radiographs. This information is of value in the comparison 
of clue materials of this nature with known samples obtained at the scene ol t e 


crime. 



Fig;. 163. Radiograph of a hand. The friction ridges of the index and ring Engers are 
visible. 


(f) GUXSHOT WOUXDS. Another interesting application of these rays 
involves their use in the study of the distribution of lead fouling* and (molten) 
lead particles about the entrance of a bullet hole in clothing (Fig. 166), This 
information, together with other data obtained by studying the conditions found 
at the entrance of a bullet hole, may enable the laboratory ballistician to 
estimate the muzzle-body distance at the time the gun was fired. 

(g) MISCELLAXEOUS, Occasionally, names, army or navy serial numbers, 
and other information of value for identification purposes are stenciled on gar- 
ments in inconspicuous places such as the underfold of a collar or the inside 
of a pants pocket. When the paint used in the stenciling contains lead or other 
heavy metals, x-rays may be of value in deciphering the original lettering which 
may have been smeared or, through wearing, have become worn and illegible 
on the surface. Sometimes the paint may be partially transferred to an adjacent 


* Infra-red photography is also likely to be of value. 
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portion of the garment, if originally it was not permitted to dr\' properly before 
being used. In these cases low-voltage x-rays may be of assistance in the exami- 
nation of the other\vise illegible and, p>erhaps, none too apparent lettering. 

These long wave length x-rays may also be helpful in discovering the 
presence of secret writings on documents submitted for examination in this 

connection. In particular, invisible 
inks composed of heavy metallic in- 
organic salts such as barium chloride 
or lead nitrate are susceptible of de- 
tection bv this means. 


Fig. 166. Radiograph made with soft x-rays 
of a bullet hole in clothing, showing the 
distribution of the lead fouling around the 
bullet hole. The appearance of this hole to 
the unaided eye and process film is shown 
in Fig. 108. Technical data: 15 Kv, 10 ma, 
8 in. distance, second exposure, No- 

Screen film, iron radiation. (Courtesy, 
North American Philips Co., Inc.) 


3. DEFINITIONS 

For the purposes of this chapter 
that portion of the spectrum which 
includes those wave lengths lying be- 
tween 0.05 and 1000 Angstrom units 
will be referred to as the x^ray region 
(see front endpaper). Contrary’ to 
the usual method of designation for 
electromagnetic energy-, the practice 
in the x-ray field is to use the kilo- 
voltage of the tube as an indication 
of the wave length region. 

The advantage possessed by the 
short wave length radiations over the 
longer wave length light rays lies in 
the fact that materials opaque to light 


are transparent to x-rays. This property of high-frequency radiations makes 
them valuable in the examination of the internal differences in construction and 
composition of manv objects. For example, packages, cloths, wood, leather, etc., 
may be examined bv passing x-rays through them; whereas, with ordinary' light 
rays, one is able only to photograph the object without revealing anything 

about the conditions underneath the outer surface. 


Radiography and Fluoroscopy 

Bv a radiograph is meant the shadow image produced in a photographic emul- 
sion bv x-rays which have been passed through an object. A closely related term 
which will also be used is fluoroscopy. The difference between radiography and 
fluoroscopv is in the manner in which the shadow image is detected. In fluoros- 
copy the x'-rays instead of impinging upon a photographic emulsion are directed 
acainst a special screen (composed of calcium tungstate or similar substance) 

^^dlich has the property of converting the invisible wave lengths o x-ra>s 
lengths of the visible region. In this manner the contrast that e.xists in the shadow 
ima-e owing to the relative ease with which the x-rays are able “ Penetrate 

variou’s parts of the object, may be observed with the naked 

image is permanently recorded on photographic emulsion it is referred to 
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radiograph (or radiogram). A satisfactory radiograph consists of a sharply 
defined image of sufficient detail to reveal the internal structural differences 

that exist in the object. 


4. X-RAY SOURCES 

The usual source of x-rays is the Coolidge tube, the main features of which 
are illustrated in Fig. 167. The cathode, C, or negative pole is a tungsten fila- 


ment which is heated by the indi- 
cated external low-voltage source. 
The filament, when heated to incan- 
descence, is capable of emitting elec- 
trons which are drawn to the anode, 
A, by the impressed potential. The 
greater the energy supplied to the 
filament (by causing it to be heated 
to higher temperatures), the greater 
is the emission of electrons. This flow 



of electrons is referred to as tube current 
and is measured in milliamperes. The 


Fig. 167. Schematic diagram of an x-ray 
tube. 


electrons are usually focused to hit a 


particular area of the anode known as the focal spot. The anode or positiv^e pole is 
also called the target, and is usually made of a heavy metallic element of high 
atomic number and high melting point, such as tungsten or molybdenum. In the 
tubes used for low -voltage x-rays, lower atomic number elements such as titanium, 
chromium, iron, and copper are used as target materials. When the electrons 
from the cathode strike the target, x-rays are generated. A large amount of heat 
is also generated in the target by the electron bombardment so that the tempera- 
ture of the tube must be closely watched. A thermometer is usually provided, 
which must be watched by the operator if he is to avoid burning out the tube, 
unless it is water cooled as may be the case in certain nonportable low-voltage 
equipment. It is for this reason that the focal spot or the actual area of the target 
undergoing electron bombardment is made larger than would be desirable 
from the standpoint of its influence on the sharpness of the radiograph. 


5. THE X-RAY TUBE 
Tube Current 


The flow of electrons or tube current is measured in milliamperes and is con- 
trolled by the temperature of the heated filament. The greater the tube current, 
the greater the production of x-rays by the tube, so that the intensity or quantity 
of x-rays emitted in unit time is proportional to the tube current, other condi- 
aons being equal. The exposure time required to produce a radiograph is 
inversely proportional to the tube current, other conditions remaining the same. 

Impressed Potential 

The potentials impressed in x-ray tubes employed in criminalistic procedures 
range in the order of 4-25 kv for soft x-rays to 50-140 kv for the hard x-ravs 
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used in the examination of suspicious packages. By the adjustment of the poten- 
tial supplied to the tube it is possible to control wave-length range of the x-rays 
produced. Wave length and potential are related by the following expression: 

F X X - 12,345 


where V, the potential, is expressed in volts and X is the shortest wave length in 

Angstrom units. The higher the impressed potential, the shorter the wave length 

and the greater the intensity of the x-rays emitted. The penetrative power of 

the x-rays is related to wave length: the shorter the wave length, the greater the 

ability to penetrate a given object. Thus, the higher the potential supplied to 

the x-ray tube, the greater the penetrative power of the emitted rays and the 

smaller the exposure time, other conditions being equal. This may be better 
1 . r = a tube operating at 140 kv produces all the 

operating at 50 kv, but the former also sends 
i. Thus, the tube operated at the higher poten- 
rays per unit i some of wl'"''~ are of shorter 
greater penet : power. 


FILAMENT 






Focal Spot 

The actual area of ^e target which undergoes electron bombardment is 

called the focal spot. In order to obtain the best possible definition or sharpness 

of the radiographic image, the size of 

the focal spot should be as small as 
possible (Fig. 170a and b). However, 
the difficulty of dissipating the heat 
formed at the target as a result of 
electron bombardment usually re- 
quires that the size of the focal spot 
be increased to an area greater than 
would other\vise be desirable from the 
standpoint of definition. Tubes used 
for intense beams of .x-rays also re- 
quire a larger focal spot for the same 

T /I 


normal 
projection 



, . OBUQUE 

^ projection 

Fig. 168. “Line focus” or oblique projection 
of the focal spot. 

reason. A method which enables the 
actual area for the dissipation of heat and f 

of definition) consists of using an o projection of the focal spot 

effective source of the x-rays instead of the “ ^s we shall see, it 

(Fie 168). This is the principle of line focus. Figuratively, 

aLws us to have our cake and eat it at the same tune. 

6 intensifying screens and PHOTOGRAPfflC EMULSIONS 

ord.. ,o produce a 

affect the film emulsion. The leaving the eniulsion unsfFcctcd. 

we should expect them to pass throug t e incident radiation 

The facts of the matter are that less than 1 per cent 
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actually affects the emulsion to form the latent image; the remaining 99 per cent 
passes through the film. This latter radiation which does not affect the emulsion 
in its initial passage may fog the film by reflection from surfaces beneath the 
film holder. This is similar to the well-known phenomenon of halation in 
photography. 

An intensifying screen is a means that enables more of the radiant energy to 
be utilized with a consequent decrease in exposure time. 7’he decrease in ex()f)- 
sure time achic\'ed by the use of a screen is such that about to the 

exposure time necessary in the absence of a screen suflices. 

Calcium Tungstate Screens 

Calcium tungstate is a chemical which fluoresces under the influence of 
x-rays. Thus, the impinging x-rays arc converted by the tungstate screen t(j 
ordinary wave lengths; these in turn contribute to the formation of the latent 
image in the film and in so doing decrease the exposure lime. 

Because the normal exposure time is considerably diminished when tungstate 
screens are employed, they are known as Jasi screens. Henvever, they increrase 
the graininess of the image and thcrel>y diminish the sharpness and d<‘finiiion 
which would otherwise be possible. In the use of 50 -140 kv x-rays in police 
problems, sharpness and definition are of much less importance than the ques- 
tion of penetration and exposure time, since the interest is in an over-all, gross 
inspection of the interior of enclosed packages, suitcases, etc., rather than a 

detailed, critical examination of some small portion of the object as is usual in 
industrial work. 

Tungstate screens are somewhat expensive, and certain disadvantages in- 
herent in their construction such as fragility and susceptibility to spots and 
scratches which affect the radiographic image have decreased their relative 
value to industrial radiographers since the advent of million-volt x-rays and 

gamma rays. However, they still retain usefulness in connection with radio- 
graphic problems in criminalistics. 

Lead-Foil Screens 

Mention only shall be made here of this type intensifying screen since it is 

not especially helpful in police work because the exposure time is at best reduced 
to only one-half the normal time. 

Combination of Film and Intensifying Screens 

Film holders which have intensifying screens incorporated in their construc- 
tion are known as cassettes. In x-ray films the emulsion is placed on Ixjth sides 
o Ae celluloid base so that two screens are mounted in the cassette in a way 

^ch that the fluorescent surfaces are in contact with each sensitized side of the 
nlm. 

Chapter 13 that in ordinary photography the latitude of 
the film serves two purposes: (a) to cover a wide tonal range; (b) to permit 
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considerable error in estimating exposure tune. This latter aspect of latitude is 
of great importance in police radiography where the olyects x-rayed vary so in 
character that it is difficult to estimate the exposure time. A simple way of 

obtaining greater latitude has been devised for radiography. 

In this method two films, ^ and B in Fig. 169, are used. These films differ 

in their emulsion speeds. The two films are placed in the cassette with a third 

intensifying screen between them, if 

one is available for this purpose. The 
usual procedure is followed thereafter. 

Referring to Fig. 169, we see that 
the latitude of film A is Ej—Ei and that 
of is E^-E^. By the use of the two films 
together, the effective latitude is E^Ei ; 
hence much greater error in exposure 

missible. In addition, the 
ion of latii : is fulfilled; 

extended be- 
respect to 
B. The two 




time i«" 
other 
namel 
cause 
may b 






Fig. 169. Increasing latitude by using two 
films. 


total rang 
xposures vi 
o«tisfactory 

negatives studied in conjunction will 
then give a more complete picture. A 
comparison of the latitude in exposure 
for curve A (acceptable exposures range 
between E\ and £ 3 ) with that of curve 
B (exposure range being Et to £ 4 ) re- 
veals that if both films A and B are 
simultaneously used, the exposure may 
range between £1 and £4 and still pro- 
duce a satisfactory radiograph. In 

other words, this arrangement is the same as though a film with exposure 

range or latitude of £i to £4 was employed. 

Photographic Emulsions _ 

Although x-rays, like ordinary light rays, aflfect the sensiUve emulsions of 

ordi^^ photographic films, it is desirable to have specially prepared 

take advantage of the distinctive properties of x-rays. Smee the 
^ iVation of these rays to routine industrial inspections, there have 
^^n^e available several of film especially designed to meet the require- 

meats of those working in this field.*® 

»ita» for U« <rfth 50-140 KUoroIt Apparao. 
gmrral. onr ol .he 

Easnnan Kodak type F whra ^ Oo,. obtaim increased latinidi 

sifying screens. The meUtod desenM a^.^ohrem 
through the use of two emulsions of different speeds, requires m 
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such as type M and a fast film such as type K be simultaneously exposed in the 
same cassette with a tungstate screen sandwiched between them. Ordinary film 
of great latitude such as a portrait pan may be profitably used in many instances 

as the second film. 

Films for Use with 4—25 Kilovolt Apparatus 

In addition to regular x-ray film, fine-grain emulsions are also used because 
in some cases it is necessary to enlarge the radiograph in order to study the 
detail in the image. The Eastman Kodak photographic materials available for 
this work are: No-Screen x-ray film, Industrial x-ray film, type M, Fine Grain 
Cine Positive film, High Resolution plates 548-0. 

No-Screen film and type M film will most frequently be satisfactory for the 
ordinary work involving the use of soft x-rays in the police laboratory. Dental 
film may be used for small biological specimens, with subsequent enlargements 
of 10 to 20 diameters possible without grain. Fine Grain Cine Positive film also 
allows enlargements up to 20 diameters, while the High Resolution plates permit 
enlargements up to 100 diameters. 

7. INTENSITY OF IMAGE 

The factors which influence the intensity of the radiographic image are 
listed below together with the variable controls which the radiographer may 
use to influence the results obtained. 

Tube Current 

The greater the tube current the greater the intensity of the image obtained, 

other conditions being equal. By controlling the temperature of the filament 

in the tube the operator may influence the intensity of the image; the lower the 

filament temperature the lower is the intensity of the image, because the tube 
is emitting fewer x-rays. 

Tube-Film Distance 

X-rays, like ordinary light rays, obey the inverse square law. This, however, 
is not stricdy true for very low-kilovoltage x-rays since absorption by the air 
is no longer negligible. If the intensity of the image is 7 for a tube-film distance 
of 7), then the intensity of any image produced at a tube-film distance of 2D 
is -t of the former, that is 7/ 4. Thus the image intensity may be controlled by 
manipulation of the tube-film distance. In addition, this factor also affects the 
sharpness and definition of the image, the greater the tube-film distance the 
better the definition and sharpness in the image. In the 50-140 kv field the im- 
portant considerations are those of penetration and exposure time, and not 
definition, so that the tube-film distance employed should be chosen on the 
former basis. In the 4-25 kv field, sharpness and definition in the image are of 
critical importance so that the greatest possible tube-film distance should be 
chosen consistent with a reasonable exposure time. 
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Nature and Thickness of Material 

The penetration of x-rays is dependent upon the nature and thickness of 
the material. Substances of high density and those possessing elements of high 
atomic number in their composition are more difficult of passage for x-rays. On 
passing through a substance the intensity of the x-rays falls off exponentially 
with the depth traversed, provided the beam is monochromatic (which ordi- 
narily is not the case). Obviously the radiographer has no control over the nature 
or thickness of the samples which he is called upon to radiograph ; he must rely 
on past experience and trial experiments in adapting his methods to each new 

problem. . l ■ 

Industrial routine examinations of the same type samples permit a Uchnic 

chart to be made which provides data for estimating the exposure required for 

1 police work, however, the kind of samples 
■oad experience of a theoretical and practical 
te the best c‘->"'^uions for making a suitable 
This topic w further d< oped later in 
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the requirements of heat dissipation and small focal spot (Fig. 168), so that the 
x-ray tube, by clever design, has been made efficient without greatly sacrificing 
one consideration for another. 

The Distance from Tube to Object; Object to Film 

The greater the tube-to-ohject distance, the better the definition (Fig. 170b 
and c). The smaller the objcct-to-filin distance, the greater the definiliem 

(Fig. 170b). 

It must be remembered that the tube-object distance, in addition to aflecMing 
definition, also affects, according to the inverse square law, ih<* exposure time. 
Since the requirements of good definition and reasonable exposure time are 
mutually opposed, it becomes necessary as the tube-object distance is varied 
to slight one arbitrarily in favor of the other. In the use of 50-140 kv apparatus 
in police work the exposure time consideration usually is of paramount impor- 
tance, so that the distance is first selected on the basis of exposure and then, if 
any variation is permitted, consideration is given to the distance requirement 
for good definition. In the use of 4-25 kv apparatus the converse is true, so that 
the first consideration is given to definition requirements sul)ject to the ccmdiiitm 
that a reasonable exposure time is possible at the distance chosen. 

Intensifying Screen-Film Combination 

Fine-grain films are, of course, the best for obtaining definition but they 
usually possess slow emulsion speeds and require a longer exposure time. There- 
fore in the 50-140 kv field, slow films are not employed bccau.se of the exp<jsure 
requirement. On the other hand in the 4-25 kv field it is especially necessary 
to use fine-grain film because the radiographs must frequently be enlarged. 

The fast tungstate intensifying screens cau.se the image to be grainy and 
therefore less sharp, so that industrial radiographers prefer to use lead-foil screens 
instead. However, the exposure consideration requires the use of the tungstate 
screen in the 50-140 kv field in police work. 

The decreased exposure required when a .screen is used permits the tul)c- 
object distance to be increased so that a reduction in the exposure to of 
normal permits an increase up to six-fold in the tube-object distance before the 
effective exposure time again is normal. Obviously the combination of fast film 
and fast screen, both of which introduce grain into the image imposes a limita- 
tion on an increased tube-object distance as a means of obtaining better defini- 
tion. It has been found that for the average commercial tube the area of the 
focal spot is such that a ratio of 25 to 1 in the distances of tube to object and 
object to film is the maximum for producing the sharpest possible radiograph 
when fast film and tungstate screens are employed. To increase further the tube- 

object distance (keeping the object-film distance constant) will not result in 
better definition but will only increase the exposure time. 

In the 4-25 kv field intensifying screens are not used, so that the above dis- 
cussion is not applicable in this case. 
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By way of summary it may be said that the sharpness of a radiograph can 
be increased by using a tube of smaller focal spot, by moving the tube farther 
away from the object, and by moving the object closer to the film (see Fig. 170). 


9. CONTRAST IN THE RADIOGRAPH 

Contrast in the radiograph is equally as important as contrast in the ordinary 
photograph. In a low-contrast radiograph it may be very difficult to distinguish 
important detail because of the inabUity to discern gradations of tone. The 
factors ivhich control contrast in photography ivill have the same influence on 
the radiograph, viz., subject contrast, film, and development. In addition, con- 
trast in a radiograph may be influenced by the amount of scattered radiation 

now he discussed in detail. 
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possible potential which will cause penetration should be u^ed in orchu- lo 
minimize the dans^er to personnel, particularly when ihev are eriynezed in held 
work and have a laree number of packages to examine. 

10. PROTECTION FROM X-RAY EQUIPMENT AND X-RAYS 

The usual industrial x-ray apparatus is designed so that the oix-rator 
unable to come into accidental contact with the hit^h-\'{>ltatre [>ans of the f'fjuip- 
ment. but he should, nevertheless, be mindful at all times of th(* dari<^er u'liiclj 
exists when this equipment is beins: used. 

Exposure to x-rays may damage the body tissues if continued for -liort 
periods over a long time or during one lonsr period. The primarv rav^ from the 
tube are most hazardous, but the secondarv and scattered radiations also ha\e 
their effect in time, so that the radioerapher should oirserva* ail precautions 
such as wearins: lead-lined gloves, lead aprons, and so forth. A niore exTend\-e 
treatise on this subject may be obtained from the Superinumdent of Documents. 
Washington. D. C.. in a booklet entitled ‘'X-Rav Protection.” HB20. National 
Bureau of Standards Handbook issued in Julv. l')36. 

11. DATA FOR THE PRACTICAL USE OF X-RAYS IN 
POLICE LNVESTIGATIONS 

It would be impossible to provide specific data for all tvpes of objects which 
are submitted to the police laboratory for x-rav exaniinaiion because of th(dr 
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Fig. 172. Radiograph of an upholstered 
chair in which are concealed several 

weapons. 
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varied and frequendy unknown nature. However, the salient information for a 
few typical cases is listed in Table 9. This should serve as a first approximation 
to indicate the settings which might be employed in similar situations. 

TABLE 9 

Hard x-rays (50-140 kv) 


FLUOROSCOPY*' 


RADIOGRAPHY 


Suspicious Packages 


Loaded Diet 


Tube Voltage 

Tube Current 
Tube-Film Distance 
Exposure Time 

50-140 kv" 

1-10 ma 

6-24 in. 

Highest kv possible^ 

1-15 ma 

6—48 in. 

2 sec-3 min 

63 kv 

10 ma 
22-24 in. 
10 sec 

Soft x-rays (4-25 kv) 


FLUOROSCOPY 

RADIOGRAPHY 


Paintings 

Paper, 

Invisible 

Writings 

« 

Textile 
Fabrics, 
Powder Marks 

Biological 

Specimens 

Paintings 

Tube Voltage 

Tube Current 
Tube-Film Distance 
Exposure Time 

18-25 kv" 

3- 7 ma 

4- 36 in. 

' 4 kv 

3- 20 ma 

4- 36 in. 

1 scc-5 min 

4-20 kv 

3- 20 ma 

4- 36 in. 

1 scc-5 min 

4 kv 

5-20 

4-26 in. 

1 scc-5 min 

10-20 kv 

8-1 5 ma 
4-36 in. 

1 scc-3 min 


In fluoroscopy the lowest kv position is used first, increasing the milliamperage until the 

object becomes visible. If the maximum tube current for the lowest kv position does not 

succeed in producing a satisfactory image, the next highest kv p>osition is selected, and the 

milliamperage reduced to its lowest value and again increased until the desired fluoroscopic 

image appears. If necessary, this procedure is repeated using the next highest kv position, etc. 

If the person who is to view the fluoroscopic image accommodates his eyes to the dark, he 

be able to distinguish smaller differences in light intensities at a correspondingly lower 

^liiampcrage value for the same kv, as compared with the milliamperage required when he 
fails to presensitize his sight. 

Tk ^fhest kv position is selected because of the increased exposure latitude it affords. 

Ihc n^amperage and the exposure time that should be employed must be fortuitously 

selected, but experience and the fluoroscopy data are helpful in the selection of the appropriate 
settings for making the radiograph. 


The usual arrangement of x-ray apparatus is also employed for low -voltage 
work. However, the method of enclosing the film in a cassette or in a regular 
film holder is unsatisfactory; even a piece of black paper is useless since, under 
suitable conditions, the low-voltage rays may record its structure on the film 
m the same way as though it were being examined. 

The simplest procedure for using soft x-rays is to have the apparatus set up 
m a room which may be darkened during the time of the exposure. In this way, 
the use of a film holder of any sort is made unnecessary. The object under 
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examination is placed on, and in direct contact with, the film. If it is necessary 
to make the exposure in a lighted room, a Wratten 87 (gelatin) filter is placed 
over the film, and the object is placed on top of the filter. A specially prepared 
paper of uniform density has also been developed for use in place of the infra- 
red filter. 


EXERaSES 

1. Prepare a suitcase to simulate the interior construction of a bomb. Fluoroscope 
this package and then make several radiograms, varying the many factors which influ- 
ence the quality of the finished radiogram. Compare the results obtained and list those 
factors which need careful consideration if one is to obtain a satisfactory radiograph of 
an unknown package in the first attempt. 

2. Select a genuine coin and its counterfeit. Make a radiograph of the two coins 
and determine from the difference in density of the negative which is the genuine coin. 

3. Repeat the preceding exercise with a true and false pearl. 

4. Obtain samples of soft and lead glass (several samples of each). Differentiate 
among them, if possible, by means of a radiograph. 

5. Radiograph a pair of loaded dice and locate the loaded side. 

6. If a low-voltage x-ray unit is available, prepare or obtain several samples of the 
typical evidence materials listed. Make radiographic examinations of these materials 
and note any information obtained in this manner, particularly if it is not obtainable by 
other laboratory means. 
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CHAPTER 23 


EXAMINATIONS IN 
AUTOMOBILE ACCIDENTS 


In the police departments of most large communities a special unit or squad 
is established for the investigation of 
in which a person has been killed. Such investigations ordinarily include a 
general study of the traffic conditions at the scene of the accident. An excellent 
treatment of this subject is given in Accident Investigation Manual, Northwestern 
University Traffic Institute, Chicago, Illinois. Many phases of an inquiry of 
this nature are not related to the duties of the laboratory personnel. There are, 
however, two outstanding problems in such an investigation that require the 
services of a person trained in the physical sciences: (1) Establishing the identity 
of the vehicle in a hit-and-run accident; (2) determining by means of skidmarks 
the speed at which a vehicle was traveling at the time of an accident. The first 
of these problems is the subject of the present chapter. The investigation is 
divided into three phases: (1) the scene of the accident; (2) the injured persons; 
and (3) the suspected vehicle. 


motor vehicle accidents, particularly one 


1. EXAMINATION OF THE SCENE 

A thorough search of the whole terrain should be made. The area surround- 
ing the place where the accident occurred should be isolated until this examina- 
tion has been conducted. The search for clues should not be restricted to a few 
yards surrounding this spot but should extend a considerable distance along the 
road. The following traces should be particularly observed. 


Skidmarks 


These marks will give an indication of the point at which the brakes were 
applied. They are also indicative of the speed at which the vehicle was traveling. 
An extensive treatment of this subject is given in Chapter 25. 


Tire Marks 

Tire impressions in mud, dirt, snow, or tar, and tire prints on a wet roadway 
contnbute very valuable evidence. It is possible to determine the brand of the 
tire and sometimes to identify the tire itself from characteristic defects (Chap. 9) 

289 



290 


AN INTRODUCTION TO CRIMINALISTICS 


Dirt from Impact 

The undersurface of the fenders of an automobile is usually caked with 
mud and dirt. In colliding with a vehicle or even with a pedestrian, some of 
this dirt will be shaken loose and will fall on the roadway. Samples of this dirt 
should be collected and preserved for a comparison with the dirt firom the 
undersurface of the fenders of a suspected vehicle. A spectrographic analysis is 
appropriate. The comparison will contribute to the evidence only if there are 
some elements or substances in the dirt which are highly characteristic. It is 
seldom, however, that such evidence is conclusive because of the wide variety 
of soils over which a vehicle travels in collecting such dirt under the fenders. 

If the mud or dirt has fallen in fairly large pieces, the shape of these pieces 
may become significant. It may be possible to find cavities in the dirt remaining 
on the fenders or outlines which will correspond to the fallen pieces. 


Cloth 

If the injured person was run over by the wheels of a heavy vehicle, it will 
sometimes be found that smaU fragments of cloth have been removed and are 
found in the roadway usually in the path of the skidmark. These fragments 
should be collected as evidence. In subsequent examinations of suspected 
vehicles, close scrutiny should be given to the tires in order to discover similar 

pieces of cloth or fibers of the same material. 

Blood, Tissue and Hair 

The presence of these substances on the roadway at the scene of the acddent 
is usuaUy helpful in suggesting what evidence is to be expected m the to 
examination of a suspected car. Ordinarily it is not necessary to preserve blood 
tissue, or hair. Sometimes, however, particularly when these thm^ are found 
at some distance from the body, it may be helpful to preserve this evidence. 
In Chapter 4 methods for the coUecting and preserving of blood and tissue are 

described . 


Chipped Flakes of Paint 

Small flakes of paint are sometimes found at the scene of an accident, es- 

sceM should be coUec.«l i. ouier » taLh 

rL“rrr„w dT^e a. .he oudi.es of . cedai. 

fragments from the head lamps. The imp t,.e»tment of this subject. 
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Broken Equipment 


Sometimes an ornament or accessory such as the side mirror, head lamp, 
or radiator emblem is detached from the automobile by the force of the impact. 
If the corresponding piece of equip- 
ment is missing from the suspected 
car, a photograph should be made 
showing the part found at the scene 
together with the area from which it 
was detached so that the exactness of 
the correspondence can be established 
(Figs. 174 and 175). 

2. EXAMINATION OF THE 
INJURED 

Clothing 

If it is possible, the clothine of the emblem. The right part 

f I . , , ... found at the scene of a hit-and-run 

victim of the accident should be ex- accident; the left part remained on the 

amined before it is removed from the vehicle. 



body. If the tires have traveled over 

the body, the direction of motion of the car is sometimes indicated by the 
manner in which the clothing is pulled together by the contact. The side of the 
car which struck the person can also be deduced from the evidence. 

After the clothing is removed it should be subjected to a thorough scrutiny. 

A search should be made for the 
following traces: 

Grease — The presence of grease 
stains may indicate contact with the 
understructure of the car. An analy- 
sis of the grease itself in order to com- 
pare it with grease from suspected 
cars is usually not very profitable. 

Paint — The clothing should be 
carefully examined for traces of paint 
from the vehicle. Metal articles such 
as buttons, buckles, and ornamental 
pins are the most likely sources of 
such evidence. Small particles of 
paint thus found can be analyzed 
spectrographically and compared 
with paint from a suspected car. 

In some cases tire marks are detected on the clothing of the 
Victim. Discontinuities of the mark will be found due to the “grabbing” action 
of the rotating tire which gathers the garment into folds. Distinct impressions 
are not common since worn tires or dark clothing will give only a faint impres- 



Fig. 175. Photomicrograph of the fracture 
shown in Fig. 174. 


Tire Marks 
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Marks on the Body 

The nature of the victim’s injuries should be ascertained from the attending 
physician. Frequently the injuries will indicate the part of the car by which the 



Fig. 177. A tire mark on a body. 


victual was struck. This information will be helpful in examining a suspected 
car for blood stains. If the wheels of a heavy vehicle have traversed the body, 
distinct tire marks may sometimes be seen. Figure 177 is a 
photograph of a tire mark made by a heavy truck. In Fig. 1 78 
the type of tire is shown. The victim had worn a shirt and 
a sweater at the time of the accident. No identifiable tire 


mark could be discerned on the clothing. 

3. EXAMINATION OF THE SUSPECTED 
VEHICLE 

In hit-and-run cases it is frequently requested that labo- 
ratory personnel examine a vehicle which has been detained 
on suspicion. The car or truck may have been picked up by 
detectives through the aid of the descriptions of witnesses. 
The driver usually denies being near the place of occur- 
rence. A high degree of uncertainty concerning the identity 
of the car may exist because of the untrained obser\’ation 
and faulty memory of the bystanders. The investigator is thus 

faced with a problem which is rarely simple and often very 
difficult. ^ 

It is seldom that convincing physical evidence is dis- 
covered by an examination of the vehicle. We should not 
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expect the automobile to bear obv ious evidence of a collision with a pedestrian. 
In the usual accident, the car collides w ith the pedestrian and throws him in 
the air and to the side. The car may not show any clear marks of the coUision. 
There may be no blood or flesh on the front of the car because the impact was 
momentarv' and the body protected by clothing. In addition to this, the car may 
bear the marks of many previous collisions, thus bringing the relative freshness 
of the newer scars into question. These are the difficulties; we discuss now the 

possibilities. 

Broken Glass 

If the headlight lens is broken, the remaining glass fragments, however 
minute they may be. should be removed for comparison with glass fragments 

found in the roadway. 


Broken Equipment 

If a radiator emblem, side mirror, or other part of the car is broken off and 
a corresponding part has been found at the scene, the remammg part should 
be removed from the car so that it can be photo^aphed at the laboratory 
Where this cannot be done conveniently an impression of the area from which 
the part was detached should be made by pressing a piece of modelmg clay 

against it. 

Dents, Scratches, and Other Damage 

In a collision between a vehicle and a person the area o contact is usuaUy 

at the front of the car - the fenders, head lamps, and grill. If the vnctim is 

thrown upward, the hood, sides of the fenders, the windshield or 

mirror n^rv show signs of the impact. If the head lamp is not of the built-m 

tv r u^base should be examined for any signs of a displacement or loosemng 

V nr screws Dama-e at the front of the car is usually explained by an 

ot paint or ^ ^i^^r collision with another car. 

TheTece''ncv^o'f scratches and dents is not easUy established; however, where 
The recenev oi damage was caused a w eek or so previous 

the owner of , „-ited The extent of rusting should be examined. 

•r: » :r r . 

t'L;‘r;:vZrr(o;.h;:\.nd ™.iga.or should 

conduc. .0 ».ri„ .cs.s ot .h.s ,, heiog due » « 

ordinarv colli.sion of vehicles. head lamps and 

- h„d .»d 

radiator at the same level. 
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Cloth Marks 

.Although no fragments or fibers 
of clothing are found on the vehicle, 
marks of the clothing may still be 
present at the area of impact. The 
\'iolent contact between the fenders 
and the clothing of the victim is some- 
times evidenced by an outline of the 
weave of the cloth. Figure 179 is a 
photograph of such a cloth pattern 
on the fender of a maroon-colored 
car. Figure 180 is a photograph of a 
sample of cloth taken from the pants of 
the victim. A comparison of the num- 
ber of lines per inch revealed that this 



Fibers 

The violent contact between car and clothing may leave some fibers on the 
car which can be identified as similar to those of the v-ictim’s clothing. Fenders, 
bumper, hood, grill, door handle, hinges, head lamps, springs, etc. should be 


examined, but too much importance 
should not be attached to the mere 
finding of fibers here unless blood or 
flesh is found at the same spot, since 
the wheels are constantly throwing 
dirt against the fenders and the mat- 
ter found here includes samples from 
a fairly broad section of the country- 
side. When the vehicle has traveled 
but a short distance since the acci- 
dent, say, one hundred yards, the tires 
may sometimes yield clothing fibers 
if the victim has been run over. When 
a collision has taken place between a 
vehicle and an animal, such as a horse, 
on the front of a vehicle there will 
usually be found a considerable num- 
ber of the animal’s hairs. These 
should be removed and compared 
with samples taken from the animal. 


Fig- 179. doth pattern on the fender of a 
hit-and-run vehicle. 


doth would have made the impression on the fender. This impress of the cloth on 
the paint surface of the car usually has the appearance of a greasv film as though 
this grease had been pressed out from the cloth. Oblique lighting should be used 
to produce the necessar>^ contrast. A ruler must be included in the photograph, 
thread counter may be used in counting the lines per unit length on the cloth. 



29b 


an introduction to criminalistics 



Fig. 180. A part of the victim’s trousers. The 
pattern matches that of Fig. 9. 


Blood and Human Tissue 

In most accidents the victim is knocked to one side and does not begin to 

bleed until there is no lons^er any contact with the vehicle. Ho\**e\er. in head-on 

collisions the victim's body may suffer 
penetration by projecting parts of the 
vehicle, and blood and human tissue 
will be present. It is difficult in any 
case to obtain a sample of blood suf- 
ficient for grouping purposes. 

Suspicious stains should be scraped 
and treated with the benzidine re- 
agent. If the reaction is positive, the 
possibilitv of this being due to the 
paint (where the stain was on the 
painted surface) should alwavs be 
kept in mind, and separate tests should 
be performed with the paint alone. 

Samples, ofcourse. should be taken 
of human blood or tissue ^^■he^ever it 

is found The procedure described in Chapier 4 should be follo^s•ed. The height 
of r bloodstains above the ground should be measured and recorded. Lots 

blood stains on the vehicle mav be due to striking an anima . 

Characteristic Soil ^ ^ a 

If the accident has taken place on an unpaved or inadequately road- 

:::a;i:e: ^ !l ■:^^|Ss::s^ a ^ hlSl" ectrographL 

analysis will prov'c u>etul. 

Understructure of the Vehicle 

of rhe car it should be taken to a service station 
For a complete e.xamination of the ^ be^horou.hlv examined. On the 

and jacked up so that us ^ found a considerable number 

under surface of anv vehicle there period of time. These 

of hairs and fibers that have been pic -e found near blood or tissue. 

fibers will usuallv be ol no value un e« ^ . ,cture should be noted. This 

Anv disturbance in the grease victim's bodv. The clothing of the 

mav have been caused bv contact ui 

injured person should be eNamine to the area from svhich the 

A''p™.en:’ot ,he do.., ...av be ,o„„d 

the Q-rease. 


.He S: - bir-oTe,: rej.“:^ur.Vja“t'"bo„.a 
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temperature readings of the water in the radiator should be made. If this 
teos^ierature reading differs considerably firom the temperature of the surround - 
logs it is an indication that the car was recently used. The tests should then be 
made to determine the time which would be required for the water to cool to 
this temperature after it has been driven for ten or fifteen minutes. This time 
should be compared with the time which has elapsed since the accident. 

If the cooling experiment is conducted at a later date, the temperature of 
the air should be recorded, since the rate of cooling is proportional to the tem- 
perature difference. An expert testifying in a matter of this nature should be 
aware of the Stefan-Boltzmann law and Newton’s law of cooling. 
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CHAPTER 24 


THE IDENTIFICATION 
OF AUTOMOBILE AND 
OTHER GLASS 


1. AUTOMOBILE GLASS 

Motor vehicle accidents in which the driver leaves the scene of the accident 
before identifying himself represent a good percentage of the serious crimes with 
which the laboratory deals. The nature of these crimes is such that the evidence 
on which the detectives must rely is mainly physical evidence. Eyewitness 
testimony is of litde value unless the number of the license plate was noted. A 
common, yet valuable, type of physical evidence in these cases is broken gl^ 
which has fallen from the headlight lens. From this glass it is frequendy possible 
to determine the type of lens and from this fact the year and type of car mvo Ived 

in the accident. This is often a simple matter when dealing 
manufacture. Before 1939 different manufacturers of cars used different types 
of headlight lenses. Several hundred different types of lenses were used on these 
cars. Unfortunately for criminalistic purposes, the tend^ency m 

been to equip cars with a standard type headlight — the S^ed Beam 

light unib Thus, with each passing year it becomes more difficult to determine 

the type of car from the lens with which it is equipped. 

U is for this reason that the physical properties of glass are becoming of 

increasing importance to the police scientist. By means of these properties an 
individual headlight lens can often b' “'d “lthouvhrL°tuture®ca,s 

may be equipped tvith but one type of lens, these '’™'’ 

erties in the individual lens will always remain as invaluable ide . 


2. OTHER GLASS 

Although emphasis in « 
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with the glass and catch in a trouser cuff, pocket, or shoe small pieces of glass. 
Similarly, broken bottles, drinking glasses, or spectacles found at the scene of 
an assault or other crime of violence should suggest to the detective an examina- 
tion of the soles and heels of a suspect for imbedded fragments. Although the 
treatment below will assume that the glass in question is from a headlight lens, 
the reader should understand that the procedures are applicable also to any 
other type of glass. 

3. GLASS FOUND AT THE SCENE 

If glass fragments are found at the scene of a hit-and-run accident and no 
suspect automobile has been discovered, the investigator endeavors to detcr- 



Fig, 181. Front and side view of typical auto lenses. 


mine the type of headlight lens with which he is dealing and the make and 
year of the automobile of which this lens is a standard part. The fragments must 
be pieced together as in a jig-saw puzzle. To facilitate this procedure, trans- 
parent tape should be used to hold together pieces that are found to match. It 
will be found that a lens usually bears the trade name, the name of the manufac- 
turer, the city or countr*)^ wherein it is produced and sometimes a patent number 
(Fig. 181). This information is found abo\'e the lower rim of the glass Near the 
upper rim of the lens the words “top,” “right,” “left,” or a mold number may 
be found. The laborator>^ should possess an adequate collection of the most 
common types of auto lens. The pieced fragments should then be compared 
wth the (whole) intact lens (from the collection). If a conclusion can then be 
reached, lens catalogues should be consulted. In these catalogues will be found 
the make and model of automobiles which carry this lens as original or replace- 
ment equipment. This information will in some cases be of great assistance to 
^e detective m limiting the search; in other cases - all too frequently - the 

data will be found to be too general to be useful, as in the case of “Sealed Beam” 
headlights which are used on many types of cars. 

Matters are seldom as simple as they appear from the procedure outlined 
m the preceding paragraph. Frequently, the fragments of the lens bearing the 



300 


AN INTRODUCTION TO CRIMINALISTIGS 


U-NOTCH 



ILOSED 

NOTCH 


OPEN NOTCH 

Fig. 182. Auto lens data. (After a drawng 
from the New York State Bureau of CHmi- 
nal Identification Bulletin.) 


>ieces can be fitted together. In this 
IS collection must be undertaken. A 
familiarity with the collection will be 
found helpful in shortening the search. 
The design of the lens will limit the 
possibilities, but often five or more 
choices may present themselves. The 
curvature of the surface of the lens 
may be of some value at this point. 
The spherometer or the Geneva gauge 
can be used in comparing curvatures 
(Chap. 6). This should be done along 
the szime meridizm in each trial be- 
cause the curvature of the lens is 
usually different in different direc- 
tions. These measurements should be 
looked upon only as gross approxi- 
mations, and should be abandoned 
o when nnlv small differences 


are the deciding factor in choosing among a few simUar lei^es^ . r 

An invalua&e supplement to a lens collection ts a set of photo^aphs of Ae 

lenses. These photographs should be taken at actual size. BoA the front and side 
views should be given. This photographic catalogue can be cross-mdexed m 
several ways, e.g., according to size, prbm shape, manufacturer, etc. 




(b) 


183 (a) Construction for determining uic 
Lm S'aic! S the consmicriou appUed to a lens fragment. 

.. o tiplected from the collection, it 

X M r ..a’ ^a.» .e 

piece, of a,. ri» of a., lem pn=s».. 
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an approximation may be made of the diameter of the lens. This is of stjnu' \ aliie 
in identification by means of the cataloitues. which usually list lens diamcieis. 
The Geneva gauge will give a rough approximation. I'he roughness <j 1 tlie 
approximation is due to the method of manufacture of an aLUum<jl)i!e lens. 1 he 
Geneva gauge is properly used only on ground glass or other [jrecision-madt' 
material. The following geometrical construction will also approximate the 
diameter. 

Using as a guide the fragments of glass that form a continuous pta iion oi 
the periphery, trace the arc of the circle with a pencil on a large sheei of paper. 
Draw the straight line AB in Fig. 183 connecting the extremities of the arc. On 
this chord erect a perpendicular bisector. This may l:)e done bv placing a c(jm- 
pass at A and drawing an arc of radius e.xceeding one-half (jf AB. Re[jeai ihis 
on point B. Connect the intersections of these arcs. Measure the distance AM 
and M\. Since the perpendicular 
from any point on a circle to a di- 
ameter of the circle is the mean 
proportional between the segments 
of the diameter, we can calculate the 
diameter D from the expression 


i \f- 

D = ~ + d/A 


( 1 ) 



Since -\/A and AM are usuallv 
relatively small quantities, this con- 
struction yields only a rough approxi- 
mation which is. howexer, useful in 
discriminating among lenses the di- 
ameters of which differ bv a half inch 
or more. 

When the tvpe of lens is finallv counted on a 

' ^ ■ plaster cast of a similar lens. 

determined, a satisfactory mode of 

' 4 

demonstration in court should be considered. One means of presentation is to 
make a plaster cast from the sample lens in the collection. The glass fragments 
can then be mounted in their proper positions on this cast and held together 
by scotch tape or other means. Figure 184 is a photograph of such a cast.'’ 

4. SUSPECTED CAR HELD FOR COMPARISON 

If an automobile is discovered in which fragments of the lens can still be 

found, a comparison may be made with the fragments found at the scene of 

the accident. To avoid conlusion. each fragment from both sources should be 

first carefully labeled. The fragments from the scene should be pieced logether 

separately: similarly, the fragments from the headlight should be matched 

among themselves. An attempt should then be made to find pieces from one 
source to match with pieces from the other. 

Frequently, only one or two pairs of fragments are found to match, but the 
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fit is not evident to the eye and some difficulty may be anticipated in demon- 
strating the fit to a jury. This difficulty is due to the manner in which the glass 
is fractured. The break is often along clear straight lines with no characteristic 
curves evident. The common fracture is most evident in the cross-sectional view. 
Each surface ^vill have characteristic cross-sectional curves called rib marks 
{ Chap. 19). Sometimes a stereoscopic photograph can be made with the matched 
pieces slightly parted to show the cross-sectional surfaces. The procedure 
described\)elow will, however, be found more generally applicable. 

Select a camera and lens which will give a magnification of about five to one. 
Place one fragment with cross section parallel to the lens. Illuminate the surface 
from the side'^so that the obliquely falling light forms shadows in the curves of 
the well-developed surface. Photograph the second surface m the same manner 
without changing the bellows extension (to preserve the same magnification). 

When the negatives are finished, enlarged transparencies should be made 
on 8 by 10 film. The negative is placed in the enlarger in the usual manner and 
printed on ortho film. Test strips should first be printed since the exposure is 
not readilv predicted. The transparencies are then developed for good contrast. 
When the transparencies are finished, by placing one over the other m the 
proper position it is possible to superimpose the characteristic curves so that 
ffiev coincide. This correspondence, by holding the negatives in front of a strong 
licrht and then adjusting one until the curves of one he over the curves of e 

other, is suitable for demonstration in the hands of a judge or jury. 

In addition to its value in determining the make of car mvoK^ed in an 

accident a headlight lens may also possess other important clues. Someti , 

part of the gasket which is placed between the lens and rim is found adhering 

to a -lass fragment in the street. The remaining part of the gasket will usually 

be left in the head lamp by the e.xcited driver. A match of these two pieces 

provides excellent evidence. In the spraying of fenders minute paint specks are 

kfron the headlight glass : hence the discovery of these specks may indicate a ar 
left on the additional clue in the nature of the 

w It headlight rim is painted with a brush, the marks of 

paint. Simila , , the -lass itself The brush marks on a glass 

“.rriro” oi, - po,n. ... a»ps 

on the ring. 


GLASS 


5 . 

„ u dimcuu .o prove. a„ adepua.e 

this term describes a state of an describe glass as an undercooled 

pound of definite composition. e J, ri-iditv. In order that a sub- 
liquid which possesses high visco^tv ’ ,he liquid state 

stance be suitable for use as glass, it is necess y 



THE IDENTIFICATION OF AUTOMOBILE AND OTHER GLASS 303 


in the temperature region immediately below its freezing point and that it 
persist in this form at ordinary temperatures. 

Glasses are usually composed of oxides such as silica, Si02; boric oxide, 
B2O3; and phosphorus pentoxide, P2O5. For commercial uses silica is the most 
important oxide. In making glass from silica it is necessary to use a number ol 
other oxides for various purposes such as fluxing, chemical durability, and 
reduction of viscosity. 

The important oxides found in various commercial glasses together with 
their effect on the properties of the glass are listed in Table 11. 

TABLE 11 

PROPERTIES OR FUNCTION 

The base of commercial glasses. 

Acts as a flux for silica. 

Gives the glass chemical durability which it would other- 
wise lack because of the water soluble NajO. 

Present as an impurity or as a substitute for CaO. 

Gives the glass greater chemical durability, lower co- 
efficient of expansion, and greater freedom from devitri- 
fication. 

Chemical durability and resistance to devitrification. 


OXIDE 

COMMON NAME 

SiO, 

Silica 

NajO 

Soda 

CaO 

Lime 

MgO 

AljO, 

Magnesia 

Alumina 

K,0 

Potash 


L^d oxide, barium oxide, and iron oxide are also used in some glasses. 


Glass, such as window and plate, which is made in mass production, is 

fairly uniform in composition. The mechanical processes involved in glass 

manufacture on a large scale require considerable control over the composition 

of the glass. Tablei 12 gives the composition of some representative samples 
of glass. 


It should be noted that all of these glasses may contain incidental impurities. 

These may be impurities in the ingredients used in a batch or may be due to 

pot or tank corrosion. The presence of these extraneous substances is invaluable 

or the comparison of glass by spectrographic analysis. Frequently these trace 

elements may be sufficient to establish (or negate) the fact of a common source 
tor two samples of glass. 

Although the substances which are used in making a glass are definitely 
known, the compounds which are actually formed in the glass are a matter of 
peculation and cannot be determined by the techniques now in use. The meth- 

T an effort to determine these compounds are 

p:nbed by Morey.^ One of his conclusions is that: “The results of many 

observers on the physical properties of glass at ordinary temperatures indicate 

ffiat no justification exists for an assertion that definite compounds exist in and 
determine the properties of glass.” 


“pyrighted 


1938 by Reinhold Publishing 
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TABLE 12 


WINDOW WINDOW 


WINDOW 


COMPONENTS 900 A.D. 


SiO* 

AljOa 

FejOs 

CaO 

MgO 

NasO 

SOj 

KiO 

PbO 

AstOa 

SbiOa 

NlnO 

ZnO 

BiOi 


68.48 

0.70 

0.91 

5.71 

5.28 

14.95 

0.54 

2.83 

0.95 


WINDOW 
GLASS 

(1 9th machine flat 

CENT. AMER.) CYLINDER DRAWN 

(AMERICAN (fOURCAULT 

1920) ' 

72.88 


BOTTLE 


PLATE 


(av. of 32 

DIFFERENT 

GERMAN 


CYLINDER 

72.26 
1.42 



(AMERICAN 

1929) (AMERICAN) 


13.34 

14.01 


0.78 

12.68 

0.22 

12.69 


71.00 

0.54 

0.09 

11.26 

1.56 

15.13 

0.44 


72.68 

0.50 

0.07 

12.95 

13.17 

0.44 


74.50 

0.81 

0.09 

5.5 

4.1 

15.0 


1930) 

63.9 

6.4 

2.4 

13.9 

1.2 

9.4 

0.8 


0.18 


CONTAINER ELECTRIC 


VACUUM 


COMPONENTS 

SiOa 

AliOi 

FcjOj 

CaO 

MgO 

NajO 

SOa 

KjO 

PbO 

As*Oa 

SbjOa 

MdO 


(for jars) 
69.10 

1.93 

11.8 

1.6 

10.8 


light 

bulb 

72.4 

0.8 

0.4 

5.3 

3.7 

17.4 



71.28 
92 

3.87 
3.19 

1.01 
0.13 


AMERICAN 
TABLEWARE 
(light LEAD 

crystal) 

67.2 


labora- 

tory 


TACLE 


0.9 

9.5 

7.1 

14.8 

0.5 


(PYREX) 

80.75 
2.20 
0.30 

4.10 

0.10 


69.04 


12.07 


5.95 

11.75 


0.90 


1.55 


1.21 

4.70 


12.00 


0.25 


ZnO — _ 

n E Sharp “Chemical Compoddon of Commendal 

Reprinted by permisdon f ^ 

Glasses,” Ind. Eng. Ch^., 25, 755-763 (1933). 

characterizing a sample commercial gla^ and 

- ^P-r^mm^n igpe ol glass am idennea 


Analysis 


THE IDENTIFICATION OF AUTOMOBILE AND OTHER GLASS 305 


or different in composition. A spectrographic analysis should in any case be 
supplemented by measurements of the physical properties. 

X-Ray Diffraction Analysis 

It is stated in Chapter 42 that x-ray diffraction analysis is not limited to 
crystalline substances. Diffraction patterns can be obtained also from amorphous 
substances and even from liquids. Although glass is a liquid, the arrangement 
of the atoms is not completely a random configuration and consequently gives 
rise to a definite diffraction pattern. A number of studies of the x-ray diffraction 
patterns of glass have shown that the type of pattern depends upon the composi- 
tion of the glass.*** As a method of studying the constitution of glass, x-ray 
diffraction is second only to measurement of its physical properties. A compari- 
son of the x-ray diffraction patterns of two samples can reveal differences which 
will reject the hypothesis that the samples are of the same origin. The method is, 

however, by no means as effective as spectrographic analysis in comparing two 
glass samples. 

Physical Properties 

The most sensitive method of determining small differences of composition 
in glass samples relies upon their physical properties. Density and refractive 
index are two of the most important properties and have been the subjects of a 
great number of investigations. Property-composition curves are used as a 
means of determining the presence of compounds in glass. Although spectro- 
graphic analysis will reveal the constituent elements of a glass, it will not yield 
information concerning the compounds present. It is possible for two glasses to 
possess the same constituent elements as seen spectrographically and to have 
originated from different sources, since there may be an insufficient number of 
trace elements present to distinguish the two samples. 

The characterizing properties of a glass depend not only on the constituent 
elements but also on the manner in which the glass has been treated in the manu- 
facture. Glasses of similar composition possess different properties depending 
upon the mechanical and heat treatments which they have received. It is for 
this reason that considerable importance is attached here to physical properties 
as a means of comparing glass samples. The measurement of these properties 
has the additional advantage of requiring relatively inexpensive equipment. The 
conclusiveness of the results is comparable to that obtained in spectrographic 
analysis. Density and refractive index are sufficient to distinguish between two 
samples. They can be measured with great accuracy with relatively inexpensive 


Density 

The methods of measuring this property have been described in Chapter 7. 
he flotation method is the most suited to the problem of comparing the 
ensities of the two glass samples. The accuracy obtainable is very great since 
what IS being measured is a density difference and not the absolute density 
Differences of the order of 10- can be observed even though not measured 
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quantitati^elv. It is well, however, for the purposes of record to determine the 
density of the liquid in which the comparison was made. Morey' gives a series 
of tables which illustrate the variation of density with composition for different 

glasses. 

Bccman^ has noted that particle size is important in determining the specific 
erravity of glass. He has found differences of the order of 10“’ in the specific grav- 
ity of large^and small specimens. This difference is probably due to the compres- 
sion of the immersion liquid at the interface, which occurs with samples of large 
surface. Culbertson and Weber^ have reported variations in density values with 
particle size. It is well in making density determinations to use samples (known 

and unknown) of comparable size. 

Refractive Index 

In the manufacture of optical glass great care is exercised to maintain control 
over the refractive index. At best, the index cannot be controlled within the 
fourth decimal place in succeeding melts of the same type of glass. To obtain 
class of identical optical characteristics it is necessary to use glass rom the same 
melt \Vith rolled glass, the case is much worse than with pot glass, since the 
former is made from all parts of the melt. The result is a glass of var^ng opticd 
characteristics, marked by striae or streaks of different refractive index. Rolled 
glass, nevertheless, is satisfactory^ for many optical purposes. Other of gla^ 
with inferior control of refractive index are plate glass, which is polished in 
large sheets, and window glass, which is blown with little regard for opucal 

^“Sattive index of a glass can be measured by any of the methods for 
solids described in Chapter 40. Immersion methods with the microscope w^l 
results accurate to about one unit in the third decimal place. Gi^ter 

accuracy is obtainable tmpirbe^tr^ound'anr^pXhed. The 

“hir*: Isc «tea„s o^»eas„ri„, Che inde., but 

considerable data have been acquired on this property . 1 1 y 

of these studies. ircrlpnendent sources can very 

ic must be mentioned that mo glasses from ,, 

“pr^';'.: Tb™ iTd °h| " " 

Kirk. The follo^^-ing are their conclusions compared as to theii 

“One hundred samples of gla^, definitely distinguishable on the 

refractive index and specific gr av it> . All of them 

basis of these properties alone. 
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“All of the samples could be distinguished on the basis of refractive index alone, but 
in a few cases the differences were not larger than might occur at times as local variations 
due to manufacturing imperfections. 

“Most, but not all samples could be distinguished from the others on the basis of 
specific gravity comparisons. In no case were both the refractive index and specific 
gravity of two samples so close as to lead to possible confusion.” " * 


Dispersion 

One of the advantages of determining refractive index by means of a 
refractometer is the readiness with which another important property — disper- 
sion — can then be measured. Two glasses of the same refractive index may 
possess widely differing dispersions. If n is the refractive index and X is the wave 
length of light, we can define dispersion as dn/d\; i.e., dispersion is a measure 
of the change in the velocity of light in a medium due to a change in wave 
length. Traditionally the dispersion of optical glass is taken as the ratio 



where np, and ric are the refractive indices of the medium for wave lengths 
5896 A, 4861 A, and 6563 A, respectively. Other forms giving mean dispersion 
and partial dispersion are also used. The value of v can be determined by means 
of the Abbe and Pulfrich refractometers. 


An excellent means of obtaining a photographic record of the dispersion of 
a sample is by use of the spectrometer. If large samples are available they can 
be polished and shaped in the form of prisms of appropriate angle. In place of 
the telescope, a camera arrangement can be set in the path of the emergent rays. 
It is not necessary (or desirable) to use monochromatic light in these measure- 
ments. The use of white light will give a great number of lines on the photo- 
graphic plate. The matching of these lines in two photographs is conclusive 
evidence in the comparison of two samples. 


Fluorescence'^* 

The known and unknown samples of glass should be examined under ultra- 
violet light in a darkroom. A difference in the appearance of their fluorescence 
is indicative of physical or chemical differences. 


Polish Marks 


Optical glass and other fine glassware is usually polished. In the polishing 
of glass fine marks are often left on the surface which can sometimes serve as 
a basis of comparison. Before examining these marks, the surface should first 
be cleaned with alcohol and then etched by spraying with 20-25 per cent 

to remain on the surface for several 
minutes. The glass is again washed with alcohol and dried. If the surface is 


by ^ssion from : L. Gamble, D. Q. Burd, and P. L. Kirk, “Glass Frag- 
ments M Ewdence, J. Cum. Law and Crim., 33, 416-421 (1943), copyrighted 1943 bv the 
Journal of Cruninal Law and Criminology, ^ 
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illuminated by oblique light a photograph can be made which will show the 
polish marks. 


EXERCISES 

1 Obtain a sufficient number of fragments of a lens to enable an identification by 
comparison with a lens coUection. Using the lens from the coUection. make a plaster 
cast Place the fragments on this cast and connect contiguous pieces ^vlth scotch tape. 

2. Examine uvo adjoining fragments from the same lens, after labelmg each pie« 
for identification, photograph them in oblique light to emphasize the nb marks. Make 

transparencies as described in this chapter. 

3 Using the same samples determine the index of refraction of a specimen fmm 

each sample. Using a third sample from another source again determme the index. 

4 Determine the densities of the three samples used m exercise 3 by the flotabon 
method (Chap. 7). WTien equmbriurn is reached for one of the fragments used, immerse 

the other two fragments, W^at are the results? 


1 . 


7 

3. 

4. 


5. 

6 . 

7. 

8 . 


9. 

10 . 

11 . 

12 . 

13. 
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CHAPTER 25 


DETERMINING SPEED 
IN MOTOR VEHICLE 
ACCIDENTS 


The problem treated in the preceding chapter was concerned with the 
methods of identifying a vehicle as haxdng been the vehicle involved in an 
accident. This was the case of the hit-and-run vehicle. In the present section we 
deal with the question of excessive speed. It is assumed that the car has been 
identified, but that the driver denies that his vehicle was exceedmg the speed 
limit. It is required to determine the speed with which he w^as traveling, .\lthough 
in New York and other large cities special squads are established for investigat- 
ing^* these accidents to determine culpability and to discover any defects in the 
mechanism of the ^•ehicle, in many communities this work is considered to be 
within the pro^•ince of the police laborator>-. A thorough discussion of the causes 
of automobile accidents would require a complete description of the mechanism 
of a car and the knowledge of an experienced automobile mechanic. Since, 
hoNvever. most of such accidents are due to defective brakes, failure to apply 
brakes in time, or excessive speed, we shall discuss here some of the physical 

nrinciples which srovern the behaxdor of a car during braking. 

' Our main problem throughout this section will be determination, by meam 

of skidmark measurements, of the speed with which a car had been ttacelm, 

wLn a collision took place. The distance within which a '"^J'^the 

be brought to a full stop depends upon the following mechanical factors . (1) e 
H ^rhe vehicle ' the nature of the surface of the road : (3) the condition 

ness of the brakes. • tr. ctnn The driver must first 

personal tac.ors also affect (sinspl. epc 

be asvare of .he s.tuauon and then react properLv 

'rct“i orraif'to 
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here only the physical evidence, we shall not be concerned at all with personal 
factors but shall confine ourselves to the behavior of the vehicle itself. 

In the following treatment an elementary study of the problem is first made 
and a more general theory then described. A knowledge of the physical princi- 
ples is essential to anyone who may be called to testify as an expert witness. 

1. COEFFiaENT OF FRICTION 

Friction is the force opposing the sliding motion between surfaces in contact. 
The coefficient of friction between two surfaces is the ratio of the force necessary 
for relative tangential motion to the 
force pressing them together. The 
product of the coefficient of friction 
and the normal force (force at right 
angles to surfaces) is the frictional 
resistance. 

In Fig. 185, to determine the co- 
efficient of friction of the block on the 
surface we would tilt the surface 
until the block just begins to slide 
down the plane. The angle, a, at 
which this motion begins is called the angle of repose. If, from the center of 
gravity, C, we draw the line CW representing the weight of the body, then CF 
is the component of weight along the plane OM and CP is the component normal 
to OM, From our definition of the coefficient of friction 






tangential force _ CF 
normal force CP 


= tan a 


(a) Our definition suggests a simple method of determining the coeffi- 
cient of friction of rubber tires on roadways. The car in question is tied to one 
end of a dynamometer by means of a rope or chain. The other end of the 
dynamometer is attached to a rope or chain which in turn is tied to a tow truck. 
The wheels of the car are locked and the truck is driven to make the car slide 
over the ground at a constant velocity. The force required to pull the car in 
this manner is read from the scale of the dynamometer. This horizontal pull 
divided by the weight of the sliding car will give the value of the coefficient of 
friction between the tires and the roadway. 

For example, if the force, Q,, required to move a 3000 -pound vehicle is 

2100 pounds as read from the dynamometer, then the coefficient of friction, n, 
is given by 

d 2100 ^ 

^ W 3000 

(b) The coefficient of friction can also be determined by means of equa- 
tion (2) below, which will be derived later. From this we have 
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where i is the speed in miles per hour and s is the distance of skidding in feet. 
The vehicle is driven at constant speed and the brakes are fully applied. The 
distance r is the full braking distance and not merely the length of the skidmarks. 

(c) A third method of determining n involves the use of the decelerometer. 
The method will be described later. This test is usually not satisfactory' on 
passenger cars because of the effect of weight transfer in a quick stop and the 
possibility of a sudden jerk causing the recording to exceed the true or average 
value for deceleration. 

(d) Summary. Of the three methods the latter two are usually preferred. 
The claim is made that the dynamometer reading gives too large a value for /i. 
Since it is desirable to grant the defendant the benefit of any doubt, the smaller 
values of n are used, and fi is determined from the braking distance. 

We shall see later that it is not necessary' in most cases to determine the 
coefficient of friction in order to apply equation (1) for our purposes. 

2. TIRES AND FRICTION - ® * 

To properly understand the behas-ior of tires on a roadway the fundamental 
law of friction must be kept in mind : True friction between two surfaces depends 
on the force pressing them together. If F is the true frictional resistance of a tire, 
then the frictional resistance per unit area is F/A. The frictional resistance for 

the area A in contact with the road is then f T X -4 =F. 

Theoretically frictional resistance between two surfaces is independent of the 

area of contact :'e.g.. a tire of 8 inches width would have the same traction as a 
tire of 4 inches width. This, however, is not strictly true. A distinction must be 
made between true frictional resistance and mechanical resistance. The total 
frictional resistance must be defined as the sum of these Uvo. The mechanical 
resistance is due to the mechanical interlocking between the tire tread and the 
road surface. When the tire skids there is a shearing off of smaU particles of 
rubber which are interlocked with the road surface. This mechanical resistance 
depends not onlv upon the normal force but also upon the area of contact. 

\-arious factors affect the frictional resistance of a tire. These are desenb^ 
below. Most of these are minor factors which do not materially affect the results 

of an investigation. 


EflFcct of Weight 

\n increase in the load carried by the tires causes a slight decrease in the 
frictional resistance. Although the area of contact increases imh the load the 
increase is not proportional to the increase in weight, so that there is an actu 
decrease in contact area per unit load which results in a decre^e in the mechan- 
the tire thus lowering resistance. Because of this effect of weight, tests conducted 
r" hicle .hould b, made wbh <he «me load which the vehicle was camyng 

at the time of the accident. 
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Effect of Tire Pressure ® 

The contact area of the tire decreases with an increase in pressure; hence 
there is a decrease in frictional resistance for an increased pressure. The coeffi- 
cient will vary, for example, from 0.7 to 0.5. Again, a vehicle should be tested 
vnth the tires at the same pressure which they had at the time of the occurrence. 

Condition of Tires ^ 

Since frictional resistance depends upon contact area we should expect a 
greater coefficient from the closed type of tire tread than from the open. On dry 
surfaces it is true that the frictional force is proportional to the area of rubber 
in contact with the road. The argument from contact area, however, is not 
adequate to explain the differences between old or smooth tread tires and new 
tread. On a wet surface the smooth tread will have a smaller coefficient than the 
new tread at higher speeds (e.g., above 30 mph), although the former has 
greater contact area. This may be explained by the fact that the new tread tire 
squeezes the water into the grooves or out to the side; whereas the old tread 
retains the water in a pocket, thus preventing intimate contact. At low speeds, 
however, it has been found that the coefficient may be greater for smooth 
tread than for new tread, probably because the low speeds permitted a “squee- 
geeing” effect. This effect can be seen in Table 13.^ 


TABLE 13. Coefficicnte of Friction — Concrete Road 


NEW TIRES 


Road Wet 


Road Dry 


Speed mph 

6.0 
10.5 
16.0 
20.0 
26.25 


Coef 

0.55 

0.51 

0.45 

0.41 

0.38 


Speed mph 

5.4 
11.0 
15.25 
21.0 
25.5 


Coef 

0.82 

0.75 

0.69 

0.62 

0.58 


OLD TIRES 



Reprinted by permission from: R. A. Martin, “Minimu] 
lobiles,” Proc. Indiana Ac. Sci., 47, 1 99-203 (1937). 


Experiments recently conducted with tires on extremely clean glass indicate 

that under certain ideal conditions the coefficient of friction may have a value 

greater than one.* It was found that smooth tires on clean glass developed much 

more friction than treaded ones and that in both cases the coefficient exceeded 
the value of unitv. 
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Condition of the Road Surface ® 

The weather conditions are extremely important. Although the coefficient 
of friction of the average paved roadway is usually between 0.6 and 0.8 in dry 
weather, this value may be lowered considerably by rain, snow, ice, or mud. 
The coefficient of friction for a wet road is about 0.5; for packed snow or mud 
it is about 0.2 ; for ice the value is about 0.1 ; for very wet, muddy, or icy roads 
the value is sometimes less than 0.1. The coefficient for snowy and icy roads 
depends, too, upon the temperature. When the temperature is near 32 F the 
pressure of the wheels on the snow or ice melts the surface to a liquid state, thus 
lowering the coefficient. If, however, the temperature is well below freezing, 
this melting does not take place to any great extent, and considerable frictional 
resistance may be offered by the road. The coefficient for snow may then range 

from 0.3 to 0.5 ; for ice, 0.2 to 0.5. 

The presence of dirt, sand, mud, or other foreign substance on a concrete 

or asphalt road at normal temperatures lowers the avaUable coefficient of fric- 

tion, the decrease in ^ depending 


upon the nature and quantity of the 
foreign material present. This lower- 
ing effect is present on both wet and 
dry surfaces. For example, mud on 
concrete was found to have a coefl&- 
cient of 0.2; with sand or cinders on 
concrete, the coefficient varied from 

0.4 to 0.6. 

Effect of Speed ^ 

On dry surfaces there is a decrease 
in the coefficient of friction with in- 
creased speed. Figure 188 is a typical 
curv'e illustrating this variation. The 
curve, of course, will vary for different 
tires and different roads. On some 
roads, for example, the coefficient 

may vary from 0.8 at 40 mph to 0.7 
at 60 mph. This decrease is due to ffie 
fact that more work is done in stopping 
, . . are draeeed along the surface a greater 

a vehicle a^ the hlat developed softens the rubber, thus decreasing the tractiom 
distance and the neat a p /•n^.ffirient decreases with 

• r‘ ed^FiriSW "ThTdKreaseTo^ is greater than that for djy 

Xef ;'::n-ry^ Jt is found on 

easily displaced and tend to decrease the traction. 



Fig. 186. Variation of coefficient of friction 
with speed on a wet roadway. 
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Effect of Temperature 


Coefficient of friction increases as the temperature decreases. A drop of 50 F 
in temperature may increase the coefficient of friction on wet concrete by 0.1. 
The decrease in frictional resistance with increasing temperature is caused by 
the heating of the tires and its effect on the rubber. 


Effect of Skid Chains 

The use of skid chains provides a greater coefficient of friction on surfaces 
such as ice or snow. The coefficient increases with increasing speed. Some 
chains are more effective than others. Two- and four-link chains are about 
equally effective in straight skidding. Two-link chains, however, are more effec- 
tive than the four-link type in side skids. Claw chains are also superior in this 
respect to standard chains. 


3. SKIDMARKS 


When the brakes of a moving car are forcefully applied, the friction between 
tire and roadway heats the rubber, depositing a thin layer in the path of the 
tires. Sometimes a black mark is formed by displaced surface materials — dust, 
tar, etc. Some synthetic tires of high heat resistance exert a cleaning action on 
the road surface. These lines are called skidmarks. In a motor vehicle accident 
the problem which confronts the investigator is the determination of deficiencies 
in the brakes or of negligence* on the part of the driver due to excessive speed. 
Usually the only e\-idence present is a set of skidmarks. These marks may be 
shown to be a measure of the probable stopping distance. 

There is a considerable technique in measuring and observing skidmarks, 
which can be learned only by e.xperience. It is highly important, for example, 
to be able to distinguish between skidmarks and tire tread prints which on some 
types of surfaces, particularly wet ones, is quite difficult. In measuring skid- 
marks several precautions should be observed in order to favor the defendant 
in the calculations. Since the length of the skidmark varies as the square of 
the velocity, any reasonable doubts concerning the length of the accident 
skidmarks should be resolved in favor of the shorter value, which would lead to 

\ ^ of measurements of each of the four skidmarks 

should be made and the arithmetical average computed. If there are only three 

skidmarks, the sum of the three lengths should be divided by four, although it 

IS possible that some braking force was contributed by the wheel which left 
no skidmark. 

In some cases it will be found that the skidmarks are not continuous. This 

may be due to an interruption in the application of the brakes or because of 

bouncing of the wheels. In these cases the gaps should not be included in the 
measurement of the lengths of the skidmarks. 

It is necessary in some tests, which will be described later, to produce skid- 


* The term negligence is used loosely throughout this discussion ■ ■ 

general, not considered by the courts to constitute culpable negligence or rZlLjss. ^ 
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marks with the suspected car or a test car. In these tests it is important to deter- 
mine the point on the road at which the brakes were applied. This may be done 
by signal from the drivxr to an obser\'er. Another method involves the use of a 
pistol* which is attached to the front bumper of the car, pointing down. At the 
moment of full application of the brakes an electrical circuit is activated and 
the pistol projects a blob of pigment to the ground. 

The National Safety Council recommends the following procedure in 
measuring skidmarks: 

“The length of each skidmark should be measured carefully and the distance re- 
corded. Skidmarks laid down by a front wheel should be measured from the beginning of 
the skidmark to the final position of the front wheel, unless there is a gap or break in the 
skidmark. Similarly, skidmarks laid down by rear wheels should be measured from the 
beginning of the skidmark to the rear wheel. 

“Sometimes, the skidmarks for the rear wheels directly overlap those laid down by 
the front wheeb, and it b difficult to identify the point at which the front wheek began 
to skid. \'ery careful examination of the point will usually reveal a beginning point 
for the front wheel skidmarks. Generally, the vehicle does not go in exactly a straight 
line, and one skidmark will be slightly to one side or the other at some point along the 

line. 

“When identifying the beginning point of a skidmark, it should be remembered that 
when the wheel first starts to skid, it often does not leave a heaw skidmark. If the person 
will sight along the skidmark with his eye close to the pavement, he will often be able to 
identify a lighter skidmark extending several feet in advance of the beginning of the 
very' heavy' skidmark. This lighter skidmark can be used as a part of the skid- 
mark length.”*^! 

It will be found that some authorities differ in their recommendations for the 
measurement of skidmarks. The reader should consult the references for an 

appreciation of their opinions. * 


4. STOPPING DISTANCE ON LEVEL GROUND 


We investigate, now, the problem of determining the minimum distance in 
which a car can be brought to a halt on a level stretch of road. The term stopping 
distanceX or braking distance is used to mean the distance traveled by the vehicle 
from the moment of full application of the brakes to the moment at which the 

car was brought to rest. 

If m is the mass of the car; v, the speed when the brakes are applied; g, t 
acceleration due to gravity; m, the coefficient of friction between the tires and 
the road ; and j, the distance in which the car is brought to a stop after the brakes 


• Information concerning stopping distance pistols and their nse can be obtained from 

.V.„w s.,., F.m. 



DETERMINING SPEED IN MOTOR VEHICLE ACCIDENTS 317 

are applied; we can determine s by equating the kinetic energy of the moving 
car to the work done in bringing the car to a stop. Thus ; 

= mgfis. 



The kinetic energy of the wheels does not enter, since true skidmarks are made 
only after the wheels are locked. Engine resistance and air resistance can also 
be ignored. The magnitude of these latter forces and their variation with speed 

has been investigated by Martin. 

If the car is going 40 miles an hour when the brakes are applied and the 
coefficient of friction is taken as 0.80, we have 



V = 40 mph = 59 fps; 
g = 32 fps per sec; m = 0.80; 


( 59 )^ 

2 X 32 X 0.80 


= 68 ft. 


We may simplify equation (2) by using the proper factors to convert fps to mph. 
The equation is then 




where 5 is in feet and p is in mph. 

Studying this equation, we see that s varies as i.e., stopping distance 
varies as the square of the velocity. A car going 40 mph will require four tunes 
the stopping distance of a car going 20 mph. At 80 mph, sixteen tunes the stop- 
ping distance of 20 mph is required. 

Further, s is inversely proportional to /i, the coefficient of friction. The value 
of fL used in our example is an optimum value, and it has been assumed that 
the car is sliding with all four wheels locked; hence our stopping distance is a 
true minimum and by no means provides a margin of safety. 

It should be noticed that m does not appear in equation (2). In other words, 
stopping distance is independent of the mass of the car in question (except in 
so far as fiis affected). We conclude from this that a heavy car and a light car 
will, after full application of the brakes, travel the same distance before stopping 
except for the slight variation due to a change in frictional resistance, which 
has been previously explained. 

Overloading of a truck, however, may place an excessive load on the brakes. 
The kinetic energy of the truck is equal to This energy will in braking be 
converted mainly into heat. If the mass of the truck and load is doubled, the 
brakes must do twice the work; if the speed of the truck is doubled, the brakes 
must do quadruple the work. If both speed and mass are doubled, the brakes 
must do eight times the work. Thus, the safety limits of the brakes may be 
overreached and a failure in braking may result. 
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These latter remarks are in no way contradictory of the previous conclusion 
that stopping distance is approximately independent of the weight of the 
vehicle. Braking efficiency reaches a maximum when the wheek slide and do not 
rotate. The condition is achieved independendy of the mass of the truck. 

Equation (2) will be used hereafter to determine the original speed of a car 
by measuring stopping distance. In this form the equation becomes 

V = VsOmj. (3) 

5. STOPPING DISTANCE ON HILLS 

Thus far we have assumed that the surface on which the stop was made is 
level ground. Equation (2) was derived with this assumption. If, however, the 
stop was made on an incline, we must account for the energy concerned in 
descending or ascending as the case may be. 

Figure 187 is a diagram of a car of weight W on an inclined plane making 
an angle a with the horizontal. What is the work done in bringing the car to 
a stop in a distance A(2 



Fig. 187. Forces acting on a car on an inclined plane. 


If we resolve the weight into its components parallel and normal to the plane, 
we find that these are respectively mg sin a and mg cos or. Since there is friction 
between the tires and the road, a frictional force of yimg cos a opposes motion in 
either direction. To drive the car up the plane a distance AC = L, a. force 
equal to mg{y. cos A + sin a) must be applied. Equating the work done to the 

energy of the car we have : 

^mii^ = mgLifi cos a + sin a), 

2gL{n cos a 4- sin a), 
h 

L’ 

2ginb + h) 


= 


b 


Since cos ^ ~ “ 


= 


or 


(4) 
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or ^ 

V = ^2g(iib + h). 

Expressing v in mph we have 

V = y/30(pLb + h). 

From the energy equation we can see that the work done by the car in com- 
ing to rest is simply the sum of the work done against frictional forces along the 
horizontal b and the work done in lifting the car a distance h vertically. 

If the car had been going down the hill, the sign of h or sin cl would be 
negative since the weight of the car no longer'opposes the motion. Obviously, if 
part of the skidmark is made at the bottom of the hill this d i sta n ce must be 
added as another term in equation (4) ; thus 

V — V2gL(/i cos a sin a) fis 

or, in mph, 

V — \^30L(fi cos a + sin a) + 

where s is the length of the skid on level ground. 

It is probable that equation (4) will be more convenient to use. The gradient, 
tan a, can usually be found in the official records or determined at the scene 
with the proper instruments.^^ The length of the skidmark will of course be Zr. 
A good approximation to equation (5) is given by 



where p is the grade of the hill expressed in per cent. The assumption made in 
this formula is that L is approximately equal to b. For descending grades we have 



6. THE DECELEROMETER 

Although the decelerometer is described here at some length, it is not neces- 
sary in determining the initial speed of a car. Skidmarks alone will provide the 
necessary information. The convenience offered by this instrument, however, 
has resulted in its extensive use in some localities. Some authorities do not con- 
sider it a reliable measuring device for the purposes with which we are con- 
cerned here. Errors can arise in the use of this instrument from various sources, 
e.g., weight transfer and sudden stopping. For the sake of completeness, however, 
the instrument is treated here. 

Mechanism 

The decelerometer is a brake-testing instrument which measures decelera- 
tion. One type will be described here. The principle governing this instrument 
is Newton’s first law of motion : A body persists in its state of rest or uniform 
motion in a straight line with constant speed unless it is compelled by a force 
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lo change that state. The essential part of the decelerometer is a freely swinging 
pendulum suspended within a protecting case. The instrument is attached to 
the car. When the brakes are applied to the moving car, the pendulum continues 
its forward motion and is raised to an angle which is determined by the original 
speed of the car. The position of the pendulum is recorded on dials turned by 
an auxiliary mechanism which is governed by the motion of the pendulum. 
This auxiliary mechanism is an armature. The pendulum is made of a magnetic 
metal; hence its motion will cause the armature to follow. 

If the decelerometer is operated on level ground the initial position of the 
pendulum is exactly vertical. If, however, the car is being tested on a hill, an 
adjustment can be made to compensate for the fact that the pendulum is not 
at right angles to the road surface. Ob\iously, this adjustment can also be used 
to determine the gradient of the hill. 


Readings and Interpretations 

Two readings are given by the decelerometer: one is the number of feet 
in which the car stopped after the application of brakes; the other is the braking 
efficiency. The instrument is, however, calibrated for a speed of 20 mph. Thus, 
the instrument records the number of feet in which the car would have stopped 
had the car been traveling at a rate of 20 mph. This does not mean that it is 
necessary to operate the car at 20 mph in order to obtain correct readings on 
the decelerometer. For example, assume that the car is run at 30 mph when 
the brakes are applied. The decelerometer may give a reading of 25 feet, whereas 
the actual stopping distance is 56^ feet. This reading means that the car w'ouid 
have required 25 feet in which to stop had the speed been 20 mph. 

This stopping distance is interpreted in terms of braking efficiency on the 
other dial. The braking efficiency is expressed as a percentage of the legal 
requirements for stopping distance. Typical legal requirements on dry level 

pavement for 20 mph would be the following . 


Four-wheel brakes . 
Two -wheel brakes . 
Hand brake . . . 


30 ft 
45 ft 
75 ft 


With perfect four-wheel braking at 20 mph and a coefficient of friction of 1 , 
we should have from equation (2') a stopping distance of 


( 20 )= 

30 X 1 


13.3 ft. 


Naturally this stopping distance is far too severe. Allowing for personal re- 
action and other variables a distance of 30 ft was arrived at for dry, level pave- 
ment. Now, 13.3 is 44.4 per cent of 30; hence 44.4 brake percentage would be 
the legal requirement for four-wheel brakes. We may substUute this value m 
place of the coefficient of friction to determine legal stopping distances. For 
example, if a car is traveling at 30 mph, the stopping distance should be 

= =68ft. 

30 X 0.444 


s 
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Dctennination of Coefficient of Friction by Means of Deccleromcter 

As an alternative to the dynamometer and other methods, the dccelerometei 
is sometimes used to measure coefficients of friction. The results are subject to 
the errors already mentioned. Using equation (1) we have 


V‘ 


M = 


30x 


1 he car is operated at a definite speed, say 25 mph, the stopping distance is read 
from the decelerometer. Let us say that this reading is x ft. We have then 




( 20 ) 

30x 


(The value of 20 is used for v instead of 25 because of the manner in which the 
decelerometer records stopping distances as explained above. Had we used 
V = 25, then we should have had to transform x ft into a stopping distance x\ for 
25 mph by the equation 

( 25)2 


Xi = 


( 20 ) 


- 1.56x 


and 


u = 


(25) 


30 X 1.56x 


In any case, the value obtained for ^ is the same.) 


7. DETERMINING THE INITIAL SPEED FROM SKIDMARKS 

One of the purposes of an investigation of an automobile accident is to 
determine the existence or absence of negligence. This negligence may lie in 
excessive speed, faulty brakes, or failure to apply the brakes in time. We are 
concerned with the first two causes since the last cannot be determined by the 
physical principles which have been discussed so far. 

For this purpose we may classify motor vehicle accidents as collisions be- 
tween a vehicle and a person, and collisions between two vehicles. The distinc- 
tion is practical. In the first case the collision does not affect the stopping dis- 
tance because the mass of the person is negligible in comparison with the mass 
of the car; hence the skidmark is a true measure of the stopping distance, and 
may be used to calculate the velocity at which the car was traveling. The second 
case, however, presents other possibilities which will be treated later. 


Collision Between Vehicle and Person 

SUSPECTED VEHICLE OPERABLE 

If the vehicle involved in, the accident can still be operated, the following 
tests can be conducted to determine the initial speed of the vehicle: 

(a) Drive the suspected car at 30 mph and apply the brakes fully. Measure 
the skidmarks. Repeat the test until four sets of values are recorded. Calculate 
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the mean value. If Vi, Si refer to the initial speed and skidmarks of the acddeait, 
and Si refer to the values determined by the tests, we have 

vi = V^O/ui 
Di = V30/ir2. 

Hence, by dividing, 



Check the speedometer of the suspected car against an officially tested speedom- 
eter in another car. 

EXAMPLE, The averse length of the skidmaiks found at the scene of a motor 
vehicle accident is 60 ft By running the car at a speed of 30 mph and applying the brakes 
fully (four-wheel brakes) it is found that the average braking distance is 44 ft. Determine 
from the data the initial speed of the car in producing the 60 ft skidmark s. 

Si = 60 ft; jj == 44 ft; and 

vt =^30 mph. 

Hence from equation (6) 

Pi = 30 
or 

Pi = 35 mph. 

(b) The initial velocity can also be determined from the original skidmarks 
alone. In this case the coefficient of firiction must be determined. This can be 
done by any of the methods described above. Equation (3) is used, viz., 

V = “N/SO/ir. 

This test is equivalent to (a) ; in fact, depending upon the method used for 
determining fi, it may be the same as test (a), 

EXAMPLE, If the average length of a skidmark is 64 ft on a roadway of which the 
coefficient of friction for rubber is found to be 0.82, what was the initial speed of tiie car? 



Hence 

or 



(c) Test (a) can be performed using the decelerometer to measure the 

second skidmark or stopping distance. 

EXAMPLE. The average lei^ of the skidmaiks at the scene of an accident is found 
to be 60 ft. Operating the suspected car with a decelerometer and applying the brake, 
a stopping distance of 1 5 ft is recorded on the deederomete. At what speed was the 
ear traveling when the skidmaiks of the aeddent were madd We have: 


ji = 60 ft; 

5, -15 ft; 

vt — 20 mph; 
» = ? 
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(vi is taken as 20 because, as previously explained, the decelerometer is adjusted to record 
the distance in which the car would have stopped had the speed been 20 mph). 

From equation (7) 


"60 


n = 20 


(d) Test the brakes of the car by means of the decelerometer. Record the 
percentage of braking efficiency; i.e., record the other readings of test (c) with 

the decelerometer . 

Summary: Test (a) is the fundamental test. Tests (b) and (c) are equivalent 
to test (a). Test (d) distinguishes the case of defective brakes. It should be noted 
that nothing need be known of the coefficient of friction to determine the initial 
speed; may be looked upon as a proportionality constant which is eliminated 
from the two simultaneous equations leading to equation (7). In practice, 
test (b) may be omitted. Test (a) is sufficient. If a decelerometer is available, 
tests (c) and (d) may be applied. Because of the decrease of ^ with increasing 
speed, cars should be tested at a speed of at least 30 mph, the speed at which m 
begins to attain a constant value. This precaution is taken for the protection ol 
the defendant. 


SUSPECTED VEHICLE INOPERABLE 

The following tests are similar to the preceding ones except for the fact that 
a second or standard car is used instead of the accident car. This second car 
should have a tested speedometer. If possible the tires should be removed from 
the accident car and placed on the standard car during the test. 

(a) This test is the same as test (a) above except that the comparison skid- 
mark is produced by means of another car. This car is operated at a speed 2 ^ 2 ; 
the brakes are fully applied and the skidmark, is measured. Equation (7) is 
then applied. The use of the second car is a valid procedure because the stopping 
distance will be very nearly the same for both cars if the wheels are fully locked 
at any speed. 

(b) Same as test (b) above. 

(c) Same as test (c) above, but using the standard car with the decelerom- 
eter. 

Summary: Again, test (a) is fundamental. Test (b) may be ignored. Test (c) 
may be applied where a decelerometer is available. These tests tell us nothing 
of the braking efficiency of the suspected car. It should be remembered that it is 
possible to have a “legal” skidmark and still have criminal negligence which 
cannot, however, be proved. 


Measurements and Sources of Error 

By the methods of Chapter 5 (see p. 51) the following relations can be 
derived : 



( 8 ) 
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Equation (8) gives us the probable error in computing v, which is the 
result of probable errors in m and r, in s, when the relation 

V = V3O/XJ 

is used. 

Equation (9) gives the probable error in computing viy which is the result 
of probable errors in measuring V 2 ', in Si\ and in 52 ; when the relation 



is used. 

These relations should be used to guide the investigator in evaluating his 
results. 


SKIDMARKS 

It has been assumed in the pre\aous treatment that the skidmark is an ade- 
quate measure of the stopping distance. This is not, however, stricdy true. The 
full stopping distance is the braking distance which is the length of the skidmark 
plus the distance which the car traveled after application of the brakes. Thus, 
the skidmark is not sufficiently long to measure correcdy the braking distance. 
The error, however, will occur in two places: (a) in measuring the skidmark 
at the scene of the accident, where a short length will favor the defendant; and 
(b) in measuring a test skidmark where a short length will be adverse to the 
defendant. From equation (7) we see that these errors are, to some extent, 
compensating. Nevertheless, in order to insure fair treatment for the defendant 
the investigator should not restrict himself to measuring merely the test skid- 
mark. He should measure the full braking distance. Thus, by using the longer 
measure in equation (7), a true minimum speed can be established. 

Various authorities distinguish these two measurements by the terms 
minimum speed and probable speed. Minimum speed refers to the value for the 
speed obtained bv substituting in equation (7) the value for the test braking 
distance. Probable speed is determined by substituting simply the length of the 

test skidmark. _ , . , • . u 

The probable speed takes into account the deceleration which is caused by 

air and engine resistance, additional braking action before the wheels are locked, 
and braking action from wheels which do not produce a skidmark. It ivill be 
noted that these factors also exist in measuring the accident skidmark but are 
ignored. Hence the ignoration of these factors in that measurement wouW 
compensate, if we chose to neglect them in the measurement of the test skid- 
mark Thus it may seem that the defendant is unduly favored by using braking 
distance instead of skidmark length in the test measurement. In view, howeve^ 
of the number of variables which enter into the computations this conser% atism 

is well justified. 
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A steel tape, 100 ft in length, should be used in measuring the length of a 
skidmark. Two men are required to make the measurement. If the measurement 
is greater than the length of the tape, care should be taken to measure in as 
straight a line as possible. A piece of chalk should be used to mark the point 
where the tape ends the first time and the point at the end of the skidmark. The 
sources of error usually lie in manipulation: not having the tape horizontal, 
failure to stretch the tape tight, sag, pull, and marking of the tape lengths. When 
a normal amount of care is taken, these errors are usually quite small in com- 
parison with the error due to the approximations that are implicit in the for- 
mulas. The largest error is usually that caused by inaccurate estimates of the 
starting point and end point of the skidmark. 

MEASURING THE TEST SPEED 

In equation (9) we see that the error in the test speed is quite important. 
A larger value of results in an increase of vi. Hence the speedometer of the 
test car should be carefully tested against a standardized speedometer at the 
speed at which the tests are to be run. In the test run the speedometer should be 
allowed to hold its point for a short time before the brakes are applied. 

COEFFICIENT OF FRICTION 

One of the assumptions that have been made in deriving the working equa- 
tions is that deceleration is constant. This is only approximately true. The coeffi- 



Fig. 188. Relation between eoefficient of friction and speed. 

cient of fiiction decreases with increasing speed. The effect of the error may now 
be seen firom equation (8). If the test skidmark is made from a speed of 20 mph, 
the coefficient of Metion which is being used is probably too great. From Fig. 1 88 
we sec that the coefficient is 0.82 at 20 mph and 0.72 at 40 mph. If the accident 
car had been traveling at about 40 mph, the error r in using 0.82 as the coeffi- 
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cient of friction would be 0.10. If we set r, - 0, then the error (which is now 
a correction, since we know its direction) in v will be 


^ 40 0 ^ 

2 ^ 0.72 


= 2 . 8 . 


Thus, at 40 mph this would add 2.8 mph to the speed computed from equa- 
tion (8). 

The error caused by using too great a value for /x occurs not only in using 
equation (3) but also in equation (7), even though /i does not explicidy enter 
into that relation. This may be seen from the fact that /t was assumed constant 
in deriving the latter equation. The error enters wherever the test skid is made 
at a lower speed than the accident speed. 

One way of avoiding this error is to reproduce approximately the length 
of the accident skid in making the test skid. To do this the test is first run at 
30 mph and the accident speed is approximately determined from equation (7). 
The test is then repeated at this approximate speed and equation (7) is again 
applied for a better approximation. 

Another method of compensating for the error is to employ a curve such as 
that in Fig. 188 to determine the error involved in using too small a value for /t. 
Thus if ;x 2 is the value obtained from the curve for the test speed and computa- 
tions lead to an accident speed of vi for which the tabulated coeflScient is /ii, 
the relative error in vi due to the error in ^ from equation (8), (neglecting r,), 


Vi 


IJL 

2m 


Our error now is in reality a correction. We have assumed the plus sign since 
we know the direction of the error or correction. We may now write A»i for 
and “ Ml) for to represent these corrections. Thus 


Api M2 


Ml 


V\ 


2mi 


If vi* represents the speed vi corrected for the variation caused by a variable m, 
we have 

M2 — M 


= 2^1 — Az?i 


= ^1 — 


2m 



or 


( 


Ml 


( 10 ) 


EXAMPLE. In a test skid at 30 mph the braking distance is found to be 40 ft. The 
length of the accident skidmark is 1 20 ft. Compute the accident speed adjusting for the 
variation in the coefficient of friction. (Assume that the values in Fig. 188 are valid for 

the road in question.) 

Since 1 ., = 30 mph, r, = 40 ft, and r, = 120 ft, we have from equanon (7) 

(30)* X 120 
40 




determining speed in motor vehicle accidents 


327 


or 


Pi = 52 mph. 

From Fig. 188 we see that, at 30 mph, ^nd, at 52 mph, m — 0.69. From eq 


tion (10) 



Pi* = 49 mph. 

A truer value for fi would be the mean value between the t\vo speeds. The 
above method, however, has the advantage of simplicity and, in addition, is 

a more conservative value. 

In order to apply this correction it is necessary to have a table of values for 
coefficient of friction at various speeds for a given road. Such a table can be 
readily made for the roads of a given locality. Tables are also available in the 

literature. 

The error caused by the variation of the coefficient of friction with the speed 
of the car can be corrected for also by employing a relation other than equation 
(1). In the latter equation the coefficient varies as Other investigators have 
found that the facts are more nearly in agreement with a relation in which the 
coefficient varies as p2.075 surfaces,^* “ and as ^ on wet surfaces.*^ 

Thus in place of equation (7) the following relations may be used for dry 
and wet surfaces respectively: 

and 

1 



Again, it should be noted that whether the correction is made by means of 
equation (10) or by means of these last equations, the same operation is being 
performed and the same variable corrected for. 


Collision of Two Vehicles 

In the collision of a vehicle and a person the physical laws governing the 
impact of two bodies were ignored because of the disparity in the weights of 
the bodies. When, however, two vehicles of comparable weights collide, these 
laws must be applied in the analysis of the evidence of subsequent motion to 
determine original velocities. The problem is not a simple one, and in general, 
the investigator will come to no satisfactory conclusion. For the sake of the 
special cases wherein a solution is possible, a general treatment of the subject 
is given here. 

The approach to the problem is the same as that used previously; namely, 
the kinedc energy of the vehicle in question is equated to the work done by the 
vehicle in coming to a stop. Thus 
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where E is the total energy consumed in stopping. The energy E has been 
absorbed in various ways, among which are 

e\ — work done in skidding before and after collision 
€2 = work done in braking without skidding 
iz - loss of energy in impact 
^4 = work done in moving the other vehicle 

There are other possible ways in which energy can be absorbed — for 
example, coming to rest without braking after collision. It should be remem- 
bered, however, that any errors incurred by ignoring further ways in which 
energy^ is absorbed will favor the defendant. The investigator is concerned with 
establishing a reasonable lower limit to the speed of the car. 

Having computed ^2, ’ ■ • , ^n, we have 

i= 1 

or E = e\ Cn ( 11 ) 

and V = - / — ( 12 ) 

\ m 

The difficulties involved in computing the work done in these various ways 
must now be considered. 

(a) (?i — The energy absorbed in skidding is calculated by means of the skid- 
mark measurements as explained previously. 

(b) et — The work done in braking without skidding presents a difficulty, 
since the distance through which the vehicle traveled under this condition 
cannot be readily fixed. Sometimes, however, the driver readily admits to 
applying the brakes at a certain point. The distance from this point to the 
beginning of the skidmarks can then be measured. The braking force of the 
wheels can also be measured by a brake-testing machine, but such a test cannot 
measure accurately the pre-skid braking pressure. Knowing the coefficient of 
friction of the road, the work done can then be calculated as the product of the 
braking force, the coefficient of friction, and the distance traveled. Because of 
the difficulties involved in determining accurately the braking force and the 
point at which the brakes were applied, it is a safer procedure to ignore and 

establish the result from the other data as has been done previously. 

(c) cz — On impact the energy is dissipated mainly in heat and the deforma- 
tion of the vehicles (the deformation energy is also heat energy unless the center 
of gravity is shifted). If the vehicles were to collide bumj^r to bumper at 
moderate speeds, it would be possible to apply the laws of impact for elastic 
bodies (assuming a coefficient of restitution were established). The kineac energy 
loss in impact can be computed by analyzing the kinetic energy of the two cars 
relative to their common center of gravity and applying Newton’s law o 
impact. The loss of energy can be shown to be equal to 

^7711^2(1 — — ^ 2 )y 

/mi + trti 


9 


( 13 ) 
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where mi, m2 are the masses of the vehicles; € is the coefficient of restitution, 
and viy V 2 are the speeds of the vehicles before impact. This equation introduces 
the speed of the second car and also the coefficient of restitution as quantities 
to be determined. In the face of these obstacles, the problem becomes quite 
difficult. In general, however, laws assuming that the bodies are fairly elastic 
are inapplicable because of the great damage which usually results from a 

collision. 

— The energy absorbed in moving the other vehicle (vehicle no. 2) 
is relatively simple to calculate when the vehicle does not roll on its wheels but 
is moved sideways or with locked wheels. The work done in moving a car of 
weight IV 2 through a distance s along a surface of frictional coefficient is then 


given by 


^4 = ^llV2S 



(fi here is the coefficient of friction for side skidding, which may differ from that 
for straight skidding). 


EXAMPLE. One vehicle collides with a second vehicle and pushes it to the side a 
distance of 30 ft. If the second vehicle weighs 3000 lb and the coefficient of friction of the 
roadway is found to be 0.80, what is the work done in moving the second vehicle? We 

have 

n = 0.80; 

= 3000 lb; 
j = 30 ft; 

hence 

^4 = 0.8 X 3000 X 30 = 7.2 X 10^ ft-lb. 


Summary: We are now in a position to consider the whole problem of a 
collision of two vehicles. Despite the difficulties which have been repeatedly 
emphasized, it is possible to draw useful conclusions because of the premise 
that we are looking for a lower limit. The assumption that one of the vehicles 
is at rest should favor the defendant. We have seen that Ci and ^4 arc usually 
the only values calculable. Let us consider a practical problem where these 
values are involved. 


EXAMPLE. The driver of car no. 1 on approaching car no, 2 applies the brakes and 
skids a distance of 20 ft before colliding with car no. 2. Subsequent to the collision no. 1 
skids a further distance of 8 ft before coming to a stop. In the collision, no. 2, weighing 
3000 lb, is knocked sideways a distance of 25 feet. The coefficient of friction of the road- 
way is 0.70. The weight of car no, 1 is 2500 lb. What is the least speed at which car no. 1 
was traveling? 

Considering the work done in skidding we have from equation (14) 

ex — ti^xs. 

Substitudog 

/i = 0.70; 

Wx = 2500 lb; 
j = 20 + 8 = 28 ft; 

we have 

Cl = 0.70 X 2500 X 28 = 49,000 = 4.9 X W ft-lb. 
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Ck>nsidering the work done in moving car no. 2, we have 

e4 = 

(where fi is the sideways coefficient of friction). 

Substituting 

M = 0.70; 

JVt = 3000 lb; 
j = 25 ft; 

we have 

ei = 0.70 X 3000 X 25 = 52,500 == 5.2 X 10* ft-lb. 

The total energy E is, then, at least 

£ = ri -h ^4 = to X 10« ft-lb. 

Equation (12) may be rewritten as 

f^E 

V = (since E has been expressed in ft-lb) 

Substituting, we have 

9—35 mph. 



8. THEORY OF BRAKING; TWO-WHEEL BRAKES 

Problems in braking are not always as simple as the foregoing treatment 
would indicate. Frequently brakes are applied to only two wheels of a car and 



Fig. 189. Forces acting on a veliicde in braking. 

the weight transfer must be taken into account- Sometimes, also, the wheels on 

the right side of the car will be on a different surfticc (different /i) 

on the left side. To solve these problems a more general theory of braking must 

be presented. , 

Figure 189 repnescnts a car with two driving wheels, the revolving axle 
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turning the wheels in a given sense. If there were no friction between the 
surface of the tires and the surface of the roadway, the wheels would slip around 
and the car would not go forward. Friction, however, resists the tangentiaJ 
motion between bodies in contact. In the case of the driving wheels, friction 
opposes the rotation of the wheels and the frictional force drives the car forward. 
This propulsive force cannot be greater than where P is the force of the 
drhdng wheels on the ground. 

Considering now the other pair of wheels which is not driven, we notice 
that without friction these w^heels would slide forward and would not rotate. 
The friction between the tires and the surface of the ground causes the w^heels 
to rotate. For this purpose the frictional force must be in the opposite direction 
to the motion of the car. The force is merely sufficient to rotate the wheels and 
is consequendy much smaller than the frictional force on the driving wheels. 

On appl>ing the brakes, the bands grip a smaller concentric wffieel fixed to 
the running wffieel. Another set of frictional forces is set up, which opposes the 
rotation of the wffieels. The frictional force now, how’ever, is along the same 
direction as the frictional force on the nondriving wffieels, opposing the motion 
of the car. The frictional force due to the brakes cannot exceed ^P^ wffiere P 
is the force betw^een the wffieels and the road, without causing the wffieels to skid. 
If a car has four-wheel brakes the maximum braking force is /i IV, where IV is 
the w eight of the car. 

To measure the retarding force wffien brakes are applied to one pair of 
w^heels, we must consider the manner in wffiich the division of w^eight between 
the wffieels is affected by the braking action. In Fig. 189 let C be the center of 
gra\ity of the car. We shall neglect the inertia of the wheels and the negligible 
frictional forces between them and the ground. Let / and b be the horizontal 
distances of the center of gravity from the front and rear axles respectively, and 
let h be the height of the center of gravity above the ground. Let P and Q, be 
the reactions between the ground and the rear and front wffieels, respectively. 
If a is the deceleration produced by braking the rear wheels, a frictional force 
of Wa/g (since W = mg, where m is the mass of the car) opposes the motion 
of the car. 

Since the upward acting forces on the car must equal the dowmward acting 
force (the weight), 

P+(l = ir. 

The turning effect of these forces about C, taken as an axis of rotation, must 
balance; so 

IP + . fd. 

g 

Solving for P and and setting / + i = L, the distance between the axles, 

we have 

p = 


(15a) 
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and 


a 


= 

gL 





From previous statements we know that the brakii^ force cannot 
But this braking force is Wajg, Therefore, 



Wa/g ^ mP, 


Substituting for P, we have 


a ^ 




L + iih 


In the notation of the calculus it can be shown that 

do 


or 


^ ds 


ads — vdo. 


Substituting, now, for a its maximum value 


a = 


M/g 


i + M’ 


which is negative because 


deceleration, we have on int^rating 



odo 



Kfg 


oL + iih 


ds. 


giving 



2Mfgs 
L + iih 


m 


This then is die which will give the initial velocity o in terms of 

stopping distance s when rear-wheel brakes alone arc applied. A similar pro- 
cedure for front*^hed brakes alone will give 


o 



2fibgs 


fth 


• » 





If Ac vehkk is qpeiable, test (a) can be used and equation (7) 
diis «•««» nothing need be known the other constants in equation (16). 
however, die car cannot be operated in its original condition, it is necessary to 
detennine die constants m/ (or 6), L, and A. Tlie measurement of p has alrea% 
disciased; L is readily measured. The determination of tiic values of h^ff 

.nH k in IwM amply accomplished, as will be seen below. 


- .«• 


9. WEIGHT TRANSFER • 

We may amplify the above discusaon somewdiat by using i 
an enqiloyed in engineering. We can nwfte equatmns (15a) and 
MIom 

liy WiJt 

“X L 


s terms wfaidk 



• 4 *ll’ • ' 
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and 


. _Wb 

- — -r r 


where the subscript . is used to indicate that P, and are the ejfecttve wagn^^ 
on the rear and front wheels, respectively, and m has been substituted for a/g. 
In Fig. 189 we can, by taking moments about the rear and front wheels respec- 
tively, derive the foUowing equations for the static weights (denoted by sub- 
script s) on the rear and front wheels. Thus, 


Ps = 




and 




L 


Wb 


Substituting these values in equations (15a) and (15b), we have 

Wish 


Pb = P. 


(17) 


Qb - Q. S "I 


(18) 


These equations express the fact that in decelerating there is a shift of weight 
on each wheel of the vehicle. The weight on the front wheels is increased and 
that on the rear wheels is decreased. The change in weight is equal and opposite. 
The increase or decrease is called the weight transfer and is defined thus : 


Weight transfer = 


Wuh 


(19) 


The concept of weight transfer is useful in cases where the skidmarks of 
wheels vary greatly in length and also where the wheels on one side of 
the vehicle skidded on a different surface from those of the other side, e.g., a car 
on the shoulder of the road with one side on gravel and the other side on con- 
crete. The average passenger vehicle is constructed so that approximately 0.3 of 
the total weight is on each front wheel during braking and 0.2 of the weight is 
on each rear wheel. 

In order to compute the initial speed in cases of this nature, the braking force 
due to each wheel must be calculated separately. Equations (15a and b) can be 
employed. For example, the force on the rear right wheel would be one-half 
the value given by equation (15a). The sum of the forces on each wheel is thus 
computed. This sum is used instead of P to arrive at a relation similar to equa- 
tion (16). The appropriate values of /x and s are substituted for each wheel and 
V is computed. 

In place of this somewhat lengthy procedure, a simplified formula b some- 
es used.** When the operations described in the preceding paragraph are 
performed, equation (16) assumes the following form: 


III! 
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In this equation the subscript 1 refers to the left front wheel; 2 refers to the right 
front; 3 to the right rear; and 4 to the left rear. M is called the weight factor and 
is determined by the distribution of weight in braking as indicated in equations 
(15a and b). M/ and Alt, are the weight factors for the front and rear wheels 
respectively. The average passenger vehicle is constructed so that M/ = 0.3 and 
Aft, = 0.2; i.e., 0.3 of the total weight is on each front wheel during braking, 
and 0.2 of the weight is on each rear wheel. The sum of the M’s is, of course, 
equal to unity. This assumption of the distribution of weight greatly simplifies 
the calculations for a passenger vehicle as will be seen from the following 
example. 

EXAMPLE. An accident car skids with the right wheeb on the shoulder of the road. 
The following skidmarks are recorded: left front wheel — 72 ft; right front — 84; right 
rear — 64; left rear — 64. The coefficient of friction b found to be 0.81 on the road and 
0.52 on the shoulder. It is assumed that the weight distribution in braking b 30 per cent 
on each front wheel and 20 per cent on each rear wheel. Find the initial speed of the car. 
Substituting the values 

Ml ~ M^ ~ 0.81; M2 ” Ma ~ 0.52; .1/y — O.j; Aft, 0.2, 

= 72; = 84; rj = 79; ^4 = 65; we have 

r = \/30(0.81 X 0.3 X 72 + 0.52 X 0.3 X 84 + 0.52 X 0.2 X 79 + 0.81 X 0.2 X 65) 
or 

r = 38 mph. 

10. DETERMINING THE POSITION OF THE CENTER 
OF GRAVITY OF A VEHICLE =>' ® 

Several methods are applicable in determining C, the position of the center 
of epra' ity. One of these is described here. To locate C, the center of gravity, 
three measurements of the weight are needed; (a) H', the weight of the car on 
level ground; (b) H',, the weight on the rear wheels when the car is on level 
ground: (c) M’;, the weight on the rear wheels when the front wheels of the car 

are elevated by block and tackle at the axle. 

Figure 190 represents the vehicle in the two positions of weighing. C is the 

center of gravity; CD = h ~ r, the height of the center of gravity from plane 
of axles; AB = L, the distance between axles; AD =/, the distance from the 
front axle to the plumb line through C; {BD = b, a similar measurement for 
the rear axle) AE = v, the elevation of the front wheels in the second position; 
BE = ~. the horizontal projection of L in the second position; r = height cf 

axle from ground. 

In Fig. 190(,a), taking moments about .4, we have 

ir X/ = ir,/. 
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In Fig. 
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190(b), again taking moments about A we have 

fV X C'A = fV2X ^ 


accidents 


( 21 ) 


where C'A is drawn parallel to the horizontal. 
From rdations 


COS 0 = 


KA BA 


KA ^ KD A- da 


and 


tan 0 = 


It is easily shown that 


CA = 


KD _ 

CD BE 

{h — r)y 

L 



Fig. 190. (a) Determining the center of gravity — weighing the vehicle in the hori 
zontal position; (b) weighing the vehicle suspended from the &ont wheeb. 


336 


AN INTRODUCTION TO CRIMINALISTICS 


Substituting in equation (21) and solving for h, we have 


or, by means of equation (20), 

vM 



The height of the center of gravity of the average passenger car is approximately 
24 in. 


11. ACCIDENTS ON CURVES « ^ ^ « 


A common cause of accidents is excessive speed on curves. A bus, for exam- 
ple, may be found at the bottom of an embankment; at what speed must the bus 
have been traveling around the cur\*e so that it would overturn? Again, in 
rounding a curve, a car strikes a person; could the driver have been exceeding 
the legal speed limit? 

A few of the physical principles which guide the behavior of vehicles in such 
accidents will be treated. The treatment is necessarily simplified. The action of 
a vehicle on a curve requires a much lengthier discussion when all the factors 
are considered. An understanding of the following fundamental problems, 
however, ^vill suffice in most cases to indicate negligence: (a) At what speed 
must a vehicle take an unbanked curve in order to overturn? (b) At what 


speed will the tendency to side slip be eliminated for a banked curve the slope 
of which is tan B, and which does not offer frictional resistance? (c) The same 



Fig. 191. Forces acting on a vehicle travel- 
ing along a curve. 


question as (b) with frictional force 
present. 

It is not proposed that the methods 
described below be used in litigations 
or prosecutions. There are too many 
variables in the problems to permit 
uncritical use of the formulas. The 
methods will, however, serve well in 
investigations for vehicle fleets. 

Unbanked Curves 

Figure 191 represents a car with 
center of gravity C describing a 
curve of which the radius of cur\^a- 
ture is T. P and represent the 
reaction of the ground on the outer 


and inner wheels respectively; F is the frictional force across the road; 
A is the height of the center of gravity; 2d is the distance between the 
wheels. Inward along the normal to the curve, which it is describing, the center 
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D* 


n — This accderation requires 

r 


this 


the centdpelal i(»ee^ Friction supplies such a fiirce. The reaction to this 

fen*. Hence, equating these two we have 

« ms* 

F 

r 

Rir..^ there is no angular momentum about C, (except about the v 
axis) -we have, by taking moments about C, 


or 

Resolving vertically 
theiefixie 



(P^Q)d^Ph 


a- 


mv^h 

rd 


P+ Q. “ 

2P + 


na^h 
rd 


mx^h 


2Q. ^ mg 


i n^ativ^ the inner wheeb exert no pressure on the ground and the 

ear overturns. The condition fin* a negative is 


s*> 


srd 


(23) 





II u lU in n II 


v> 


Heno^if 

d 

oyecturDu 

ahtnikl be nodc^ that diis mtiesd speed is independent of the mass of 
^ Thft meaai««mmt of A has ^rcady been treated. The vabxc of r will be 

ggneralj^^ ^ will be finind that r is not a constant 


from 
curvature is 


•>i w '»• * 


^ a pomt wliere die radios 

miO^^die vdulde 






■ ■■ : 
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Banked Curves Without Friction 

To lessen the danger of the car’s skidding, a curve is banked to an angle 0. 
VVe investigate now the value of 0 which will prevent sideslip. If there were 
no sideways friction, what should be the lateral gradient in order to prevent 
skidding to the side? 



Fig. 192. (a) Forces acting on a vehicle traveling along a banked curve without friction; 
(b) Forces acting on a vehicle traveling along a banked curve with friction. 


In Fig. 192(a) the symbols will have the same meaning as those of Fig. 
Resolving horizontally. 
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= (P + 0) sin 0; 


and vertically. 


mg = (R S) cos 0. 


Dividing one equation by the other. 


tan 0 = 


rg 


The velocity p. at which the car will have no tendency to sideslip is 


V 


= y/rg tan 0. 


(24) 


EIX AMPLE. A truck is traversing a curve at a point where the radius of curvature is 
60 ft and the road is banked at an angle of 10“. If the road is extremely slippery what is 

the maximum safe speed? 

Substituting the following %^ues: 

r = 60 ft; 


^ = 32 fps per 
tan 10® = 0.18; 


we have 


or 


p = V60 X 32 X 0.18 = 18 fps 

o = 12 mph. 
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If the speed is gieater than this the car wiU skid outward ; if it is less, the sl^ 
wiU be inwaid. The driver must depend upon friction between the tn^ and the 
road to prevent this skidding. The danger of wet or icy curves is^vious 

Aeain, the mass of the car does not enter into the equation. The tendency 
of a light and a heavy car to skid is the same; the bank is the same for aU c^. 
Another point of interest is the absence in the equation of any term myolvmg 
the height of the center of gravity. Skidding is independent of the ptmtion of 
the center of gravity; overturning, however, does depend on the height of the 

center of gravity. , ■ 

The values of d and r can be obtained from the records of official sources 

or calculated. 

Banked Gmves with Friction 

We have seen in the preceding problem that, on a curve bank^ to prevent 
side skidding, there is a definite speed, at which this skidding will not occur. 
The force of fiiction, however, was ignored. The question then arises: When 
there is fiiction between the tires and the roadway, at what greater speed, n, 
ran a car travel on a curve without sideslip? 

In Fia. 192b die symbols will have the same significance as in the previous 



Rjesolving horizontally, 


meS 


Resolving verdcally 


rng = (i* + Q) cos $ — jPsin 9. 


rj li 


leover, P — where JV is die pressure normal to the plane of die road. 
The Gomnonents of force normal to the road are 


N = mg cos B + sin 

Kliminating (P + Q) from the first two cquadons, we have 


fltui 


a^tanff —PsccB 




or, ggnce P » 

fn0§ 


' . ' ■. 




mgtaaiB ^ tand^ 


But^ from equation 04), 


. < . 








*5 . 




Vr/*' 


48 



^ f2m0 ~ 


4 i 




(l 4-^iarf^)- 
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Solving for ^ 2 , 

or 



V2 = 

V2 = 






■A$C0 A CHAAT QT AMCAcCAA AUTOMOtlLC ASSeOATlOA 

AMERICAN TRANSIT ASSOCIATION SEPT. 1940 

Fig. 193(a). Chart I. 

At a speed greater than V 2 the car will have a tendency to slide off the road. 

EXAMPLE. At a certain turn in a concrete highway of frictional coefficient 0.75 the 
curve is banked at an angle of 8°. The radius of curvature at this point is 50 ft. At what 
maximum speed may a car safely pass this curve? 

Substituting 

r = 50 ft; 

^ = 32 fps per sec; 

M = 0.75; 
tan B = 0.14; 
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we have 


or 


= ^/50 X 32 


0,75 + 0.14 


/ 0.7! 
Vi-0. 


75X0 


i,) - 40 (ps, 


V 


= 27 mph. 
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How TO Estimate Speed from 
Skid Marks. 

7. Find the coefficient oj friction. 
With test skid; locate the average 
test skid mark length on scale D. 
Draw a straight line from this 
p>oint through the test speed on 
scale S to scale F, where the co- 
efficient of friction as detennined 
by the test skid is found. 

Without test skid: an estimate 
should be made only when all 
four wheels have skid marks. 
Locate the approximate co- 
efficient of friction on scale F 
directly opposite the most suit- 
able pavement description. 

2. Find the estimated speed before 
accident. From the coefficient of 
friction on line F, found as 
described above, draw a straight 
line to the average accident skid 
mark length on scale D. Where 
this line crosses scale S is the indi- 
cated speed of the vehicle in- 
volved in the accident. 

3. Remember that sp>ecial calcu- 
lations are required when part of 
the skidding is on one kind of 
pavement and part on another, 
when the skid was uphill or 
downhill. 


Fig. 193(b)* Chart D. 


Chart I 

The calculations involved in employing an equation such as ^2 — V\ 

can be simplified by graphs. Chart I (Fig. 193a) has been drawn for test speeds 
of 20 or 30 mph. When $2 and Si are connected by a straight line, can be 
determined by the intersection of the line with the center scale. For example, 
in the case of an accident skidmark of 49 ft the test skid at 20 mph is found to 
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be 22 ft. On connecting 49 on the left scale with 22 on the right, we find the line 
intersecting the center scale at 29.8 mph. This is the minimum speed. If the 
braking distance were 28 ft, we should find a speed of 26.5 mph in a similar 


manner. 
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p;<r 104. Chart IIL 
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This chart can be used also to determine the coefficient ot tricaon m m 
fol Jwtg I^er : From .hr point where *e original line in.emecs .he ngh. 
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scale, draw a horizontal line to the center scale and read off the coefficient 
example, using the braking distance of 22 ft we hnd that the horizontal 
intersects the scale at 61 per cent. This represents a coefficient of 0.61. 
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Chart II 


Fig. 195, 


This chart (Fig. 193b) is similar to Chart I. Its use is explained at the side. 
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Chart III 

This graph (Fig. 194) serves the same purpose as Charts I and II. A vertical 
line is drawn at the test speed Vi until it intersects a horizontal line drawn 
through the test skidmark or the braking distance Si. (This procedure is equiva- 
lent to plotting the point pi, Ji.) Through this point a line is drawn parallel to 
the diagonal lines until it intersects the horizontal line corresponding to the 
accident skidmark r*. A vertical line drawn at this intersection wiU intercept 
the speed axis at the accident speed. In Chart III these lines have been drawn 
for the case of a test speed of 20 mph, a test braking dbtance of 28 ft, and an 
accident skidmark of 49 ft. The result lies between 26 and 27 mph. 


EXERCISES 

1 . A force of 1 500 lb is required to pull a car weighing 2500 lb over a roadway. 
What is the coefficient of friction between the tires and the roadway? 

2. Transform the equation 

where t is in fps, ^ is 32 fps per sec, and r is in feet, into 


where V IS 10 niph suid s is 10 • • 1 . i* 

3 On applying thn brakes fully, a skidmark of 1 39 ft b made by a vehi* tra™!-^ 

on a Lcmm mS! The coefficien, of fnedon of the road b 0.60. A. «hat speed was d» 
vehicle traveling when the brakes were appUed? 

4 I. ascending a hill of gradient • chicle b bmugh, » a stop in a braking 

-“TaI rd'rs fee.. 

p I- 

question? skidmark of 140 ft, of which 62 ft is made on 

- - 0.36. 

t"oiC.ridmt:i‘S"’(Using equadon (4). form «. egnadon 
similar to equation (6) ; thus 




cos a — sin g) + 1 


where L. is the part of the mark on the 1^1 and skids 

7. Two cars are inWved m a emergency brake on. 

12 ft before coUiding with car no. 2, wl^ ^ distance of 15 ft. Gar no. 1 con- 

Car no. 2, which weighs 2000 lb of the toad is 0.80. At what 

tinues skidding a distance of 4 ft. The coetticieni oi inc 

ri^wm car no. 1 traveling when the brdtes were appltedP 
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8. A certain type truck is 4 ft wide between wheels and has a center of gravity 
30 in. above ground. On an unbanked curve at a point where the radius of curvature is 
76 ft, the truck overturns. At what minimum speed must the vehicle have passed this 

point? , , . , 

9. At what angle must the road described in exercise 8 be banked in order to permit 

the vehicle in question to travel at a speed of 45 mph without overturning? 

10. At what angle must the road of exercise 8 be banked to prevent sideslip for a 

speed of 40 mph, assuming there is no friction? 

11. At what angle must the road of exercise 8 be banked to prevent sideslip for a 

speed of 40 mph if the coefficient of friction is 0.68? 

TEXT REFERENCES 

1. Elliot, F. R., and Loutit, C. M., “Auto Braking Reaction Times to Visual vs. Audi- 
tory Warning Signals,’’ Ptoc. Indiana Ac, Sci.y 47, 220-225 (1937). 

2. Hadekel, R., “Some Notes on Pneumatic Tires,” Aircraft Eng., 16, 11-17 (1944). 

3. Schmidt, C., “Der Kraftschluss zwischen Reifen und Fahrbahn,” Automobiltechnische 

Z.y 392-398 (1938). 

4. Bradley, J., and Allen, R. F., “Factors Affecting the Behaviour of Rubber-tyred 
Wheeb on Road Surfaces,” Inst. Automob. Eng. Proc., 25, 63-92 (1930-31). 

5. Moyer, R. A., “Skidding Characteristics of Automobile Tires on Roadway Surfaces 
and Their Relation to Highway Safety,” Iowa Eng. Exp. Sta. Bull., 120, 63-66 (1934). 

6. Marwick, A. H. D., and Starks, H. J. H., “Stresses Between Tire and Road,” J. Inst. 
Civ. Engrs., 16, 309-325 (1941). 

7. Martin, R. A., “Minimum Stopping Distance of Automobiles,” Proc. Indiana Ac. Sci., 

47, 199-203 (1937). 

8. Fountain, C. R., “The Physics of Automobile Driving,” Am. J. Physics, 10, 322-327 
(1942). 

9. “Use of Skidmarks in Calculating Motor Vehicle Speeds,” National Safety Council, 
Public Safety Memo. No. 28, Chicago, 1940, p. 7. 

10. Moyer, R. A., op. cit., pp. 32-53. 

11. Stanton, T. E., “Skid-Resistant Qualities of Roadway Surfaces,” Roads and Bridges, 
78, 101-104 (1940). 

12. Moyer, R. A., The Determination of Initial Speeds from Skidmarks in Motor Vehicle Acci~ 
dent Investigations, Iowa State College, Ames, Iowa, 1938, pp. 4-6. 

13. National Safety Council, op. cit., p. 14. 

14. Ibid., p. 1. 

15. Moyer, R. A., loc. cit. 

16. Simpson, H. S., Determination of Motor Vehicle Speeds from Skidmarks, American Transit 
Assoc., New York, 1940, pp. 22-25. 

17. Martin, R. A., op. cit., pp. 203-204. 

18. Powell, R. A., “The Design of Vertical Highway Curves,” Surveyor, 90, 163-164 
(1936). 

19. National Safety Council, op. cit., p. 7. 

20. Accident Investigation Manual, Northwestern University Traffic Inst., Chlcaeo 1940 

p. 99. 5 > > 

21. Cooper, W. E., “Finding Tangent Slopes on Highway Vertical Curves,” Ens. News- 
Record, 127, 103 (1941). 

22. Moyer, R. A., loc. cit. 



346 


AN INTRODUCTION TO CRIMINALISTICS 


23. Simpson, H. S., op. r/V., pp. 15-19. 

24. Braking Distances on MV/ Roadway Surfaces, American Automobile Assoc., Washington, 

D. C.. 1940. 

23. National Safer.- Council, op. cit., pp. 10-12. 

26. Northwestern Traffic Inst., op. nt.. pp. 105-108. 

2"'. Klaue, H., "Bremswerkuntersuchungen am Kraftfahrzeug,” Deutsche Kraftfahrt- 
foTSchung im .iuftrag des Reichministeriums , 13 , 1-26 (1938). 

28. Bachman, B. B., ‘'Brake Design,” .Automobile Engineer, 24, 108-111 (1934). 

29. Northwestern Traffic Inst., op. cit., pp. 101-103. 

30. National Safet\- Council, op. cit., p. 13. 

31. Heldt, P. M., “Practical Methods for Determining an .kutomobUe’s Center of 

Gravity,'’ .Aut. Industries. 69 , 474-476 (1933). 

32. Neesen. "Die Schwerpunktslage bei Eisenbahn und Kraftfahrzeug,” Glasers Annalen, 

115 , 15 (19341. 

33. Hosl, “Die KuiAenfahrt des Kraftwagens,'^ .Automobiltechmsche 7., 42, 407^09 
(19391. 

34. Mover, R. Skidding Characteristics pp. 86-121. 

t5 Muller F ‘Der Eintiuss des .Schleuderns auf die Fahrgeschwmdigkeit und Aus- 
eestaltunVder Rraftwa.enstrasse,” Verkehrstechnik, 17, 5^-582 and 643^48 (1936). 
36. Barnett. J.. “Safe Side Friction Factors and Superelevation Design, J. Highway 

Research Board Proc., 16 , 69- 6 (1936). 


general references 

Bird. G., and Scott. W. J. O., "Measurement of the 

faces" Road Research Bull. 7, H, M. Stationers' Office, Ixmdon, 1936. 
r and Miller R “Studies in Road Friction II. An .^nal^is of the Factors 

I u D t.'a..-h on Sr.pt'i’ee OClaMfi and Brake Condilion of .iulomalire VehirUs. 

(C. S. Work Xe. 

M„ve,'rv'’ n, n„.r..na„o, of Indiaf Sfrrd, .frorn Skid.ark. Slo.o, VMr Aooidrrd 

loxa S,atc CWto, Amo. Iowa, 1<)38 (1 3 pp- m.moo-)- 

- 'skiddina OharacTridio ot Automobile Tims ™ R"*"' ” 

Relation to Hiitliwav Salrtv. ' 7«i a Crp- ■ ' < 

V. 11 , ( ■ Brt m.mur und Goohwindlttkeit, - I brru aok.ni 2, « j3 (dWG- 

S,:^,n II ^ oLmmarro. of SUo, Crkul, Speodr /.a. Sk.dma.k,. -Amenoan Trarntt 

,o,d.,r;;.::.':»»,irx„ttbwo,on C„lve™tt name Cblea^o, I,*. 

„ ..-o Wna, -Wnean -Au.omobtle .A»oc., Waablnktoa. 

JfL!::c:tZ:Z::e.k.oU Xat,o„aI sa.. oouue.,, Memo Xo. 3,. 

Chicago, 1940 (15 pp. mimco.). 



PART F 


CHEMICAL EXAMINATIONS 




CHAPTER 26 


CHEMICAL TESTS FOR 

INTOXICATION 


1. BLOOD ALCOHOL AS AN INDEX OF INTOXICATION 

Within the last decade an objective method has been developed for deter- 
mining, in relation to automobile driving, when a person is “under the influ- 
ence” of alcohol. A correlation between the degree of impairment of a person’s 
mental and physical faculties by alcohol and its concentration, determined 
chemically, in certain body materials has been established authoritatively by 
two groups, i - the Committee to Study Problems oj Motor Vehicle Accidents of the 
American Medical Association, and the Committee on Tests /or Intoxication of the 
National Safety Council. 

The findings of these committees are shown in Table 14. These criteria were 
based upon a critical review of the literature reporting the results of a great 
many investigators in several countries who studied the problem of using the 
percentage of alcohol in various body fluids as an index of intoxication. 


TABLE 14, An Interpretation of '^Under the Influence’* 

in Relation to Automobile Driving 


BLOOD ALCOHOL PER CENT* 


SIGNIFICANCE 


0.00-0.05 
(2k)ne 1) 


0.05-0.15 
(Zone 2) 


above 0.15 
(Zone 3) 


Insufficient to exert any significant influence on a person’s 
ability to drive. 


Some persons will be “under ihc influence”; others not; as 
the higher limit is approached, more arc affected. It is ques- 
tionable whether one should drive or not; other evidence 
must be considered. 


All persons are “under the influence” of the alcohol insofar 
as their ability to drive is concerned. 


* The concentration of alcohol in the blood is referred to as 6/W alcohol per cenU blood 
alcohol level, or per cent blood alcohol. These terms are synonomous and refer to the weight of 
alcohol in mg per ml of blood divided by 1 0. Mathematically, this ratio is equivalent to grams 
per 100 ml. Regardless of the body substance analyzed, the results are always expressed in 
terms of percentage of alcohol in the blood. 
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Zone 1 

Blood alcohol values in this zone are usually considered as evidence that a 
person is not under the influence of alcohol. 

An average male (150-175 lb) on an empty stomach may drink 2 oz of 
100 proof whiskey (one highball) or a little over one large bottle of beer (1-1| 
qts) before his blood alcohol level reaches 0.05 per cent (see Table 15). After 
a meal these quantities may be increased somewhat, and in some cases double 
these quantities may be taken with the same effect,^ 

Zone 2 

Blood alcohol values in this zone are inconclusive by themselves. They are 
useful in showing that a person had “been drinking”; if the usual external 
symptoms of intoxication are present, they are useful as corroborator^^ evidence 
that a person is under the influence of alcohol. 

An average male (150 lb) would have to drink about 8 to 10 oz of 100 proof 
whiskey (4 to 5 highballs) to accumulate 0.15 per cent alcohol in the blood ^ 

(see Table 15). 

Zone 3 

Blood alcohol values in this zone are considered prima facie evidence that a 
person is under the influence of alcohol sufficiently to impair his driving ability. 

Persons who “carry their liquor well” may appear sober to the average eye, 
yet from the standpoint of driving an automobile they are a menace if their 
blood level is in this zone. These persons might have to drink 12 oz of 100 proof 
whiskey (6 highballs) before their blood alcohol reaches 0.15 per cent.® 

By establishing upper (0.15) and lower (0.05) limits, it is possible to over- 
come many objections which might be raised in connection with using the con- 
centration of alcohol in body fluids as an index of intoxication. Zone 1 protects 
those who, because of some congenital or acquired defect, or pathological con- 
dition, exhibit some of the usual symptoms of intoxication such as flushed face, 
dilated pupUs, faltering speech, tremor, and lack of muscular coordination and 
who might, therefore, be wTongly accused of being intoxicated. Similarly it is 
possible to verify or disprove any contention made by the defendant that he only 
appeared to have been drinking but in reality was suffering from the shock or 
injury of the accident. In these cases, if an alcoholic odor on the breath is 
noticed, the claim is usually made that the defendant had taken “one or bvo 

beers.” This can be verified or disproved in many cases. , 

Zone 3, on the other hand, provides for the detection of those indmduals 

who, because of the sudden stimulus which sometimes occurs after an accident 
and which may be sufficient to overcome the depressing effect of the alcoho , 
aooear to be sober since the usual symptoms of intoxication are not discermbie. 
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2. CHEMICAL TESTS 

The literature of the chemicolegal tests for alcohol is voluminous. There arc 
almost as many variations in procedure as there arc investigators interested m 
the problem. Fundamentally, however, almost all procedures are based upon 
oxidation of the alcohol to acetic acid under controlled conditions. The most 
common oxidant employed is potassium dichromate in acid solution^ (equa- 
tion 1) although potassium permanganate both in acid* and alkaline medium" is 

sometimes used. 

a CjHsOH + bO\^ a CH3COOH -f c Rd (1) 

Ethyl Alcohol Acetic Acid 


TABLE 15 
Blood Alcohol Zones 


0.00 
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0.15 
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ZONE 3 ^ILLEGALl 





DEAD DRUNK 


FATAL UMIT 


£ 




* The figures in these boxes represent the amount of 100 proof whiskey or 4 per cent beer 
accumulated in the body of an average motorist (a 150-male, on an empty stomach) when his 
blood alcohol reaches the limits indicated. (Courtesy, R. N. Harger and the Indiana State 
Police.) 


Ox is a symbol used to represent an oxidant such as dichromatc or per- 
manganate, while Rd represents the reduced form of the oxidant; a, 6, and c 
represent the numerical coefficients required to balance the equation. In the 
case of alkaline permanganate the alcohol is oxidized to oxalic acid and not to 
acetic acid. 

Since both dichromate and permanganate undergo a color change when 
they are reduced, a color comparator may be used to estimate the quantity of 
alcohol present. Usually, however, the oxidant is added in excess and is back- 
titrated with any of the usual reducing agents, e.g., iodide, oxalate, or ferrous 
ion. It has also been suggested that the acetic acid may be used to estimate the 
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Fig. 196(a). The Harger Drunkometer: schematic drawing. (Courtesy, Indiana State 
Police.) 


BLOOD ALCOHOLrINDIAMA MOTORISTS 


BcOOC I 

AlCCKX 
WCDrT 



Fig. 196(b). The Harger Drunkometer: in field use. (Courtesy. Indiana State Police.) 










amount of ethyl alcohoI.‘“ After distillation of the reaction mixture, the amount 
of acetic acid is determined by titration of the distillate. When ethyl alcohol is 
determined by methods'^ that employ iodine pentoxide, it is oxidized beyond 

the acetic acid state to carbon dioxide and water. 

Methods based on these principles have been employed for the deter- 
mination of alcohol in blood, urine, saliva, spinal fluid, and 

the breath.^^-^ Practical considerations and preferences of workers in the field 
have limited the specimens obtained from living subjects to the breath and 
urine, except that when a physician is available and the subject’s consent is 
given blood samples may also be obtained. Saliva and the spinal fluid never 
seem to have enjoyed any popularity. Harger^^ believes that saliva should be 

used much more than it is. 



Fig. 196(c). The Alcometer. (Courtesy, Alfred Btcknell Associates.) 


Field Tests 

By using portable equipment, chemical tests for alcohol can be made at th< 
scene of the accident. Two methods that employ the breath as the source of bod^ 
alcohol are available for field tests. The “Alcoholometer” (or Alcometer as it i 
now called) developed by Greenberg and Keator-^ is completely automatic 
and may be operated by untrained personnel while the “Drunkometer” 


o 
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Harger-^ is simple enough to be used by most police officers, although some 
special training is required (Fig. 196). 

The operation of either apparatus should offer no difficulty to laboratory 
personnel. A knowledge of the use of the analytical balance and standardization 
of solutions is necessary, however. 


Laboratory Tests 

Tests for alcohol in body fluids are performed in the laboratory under the 
following circumstances: 

When no field tests were made at the time of the accident but samples 
were obtained for analysis 

When confirmation of the results of the field tests is thought to be desir- 
able 

When the person to be examined died before the field tests were made 
W^hen criticism of nonspecificity^® of the methods commonly employed 
is likely to be raised, the method of Kozelka and Mine (v.i.) may be used. 
These investigators have shown that in their method interfering substances 
are removed quantitatively. It is not necessary then to make any tests for 
the presence of certain medicines or other alleged contaminants which might 

\itiate the results. 



Fig. 197. Distillatioii apparatus. (Courtesy, F. L 
Society.) 


A, #30 Ground-Glass Joints 

B, #11 Ground-Glass Joint 

C, Foam Trap 8 mm. opening at 1 and 
3 mm. opening at 2 

D, Digestion Flask made from a 125-cc. 
Erlenmcycr Flask and a #15 Ground- 
Glass Joint 

E, Steam Generator 

F, Specimen Tube 4 X 20 cm. 

G, HG Reagent Tube 4 X 20 cm. 

H, Water Bath 2-Iiter Beaker 


Kozelka and the American Chemical 


Method of Kozelka and Mine 

..■n.e dMlatlon apparan. aad digesdon flaak ara shown ,n P'S"" 

„baa F and C, a.w hold in Pla- d,. n«. 
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chanical carrying over of material, even when considerable foaming occurs. The vapor 
passes through the opening at 1, and the condensate, together with any fluid forced 
through the op>ening, returns to the distillation tube through the opening at 2. The 

alcohol is collected from the condenser in flask D, 

*‘The male portion of the joint of tube G must be covered with graphite to prevent 
sticking. The graphite is best applied by*^ using a carpenter’s pencil, although an ordinary' 
pencil will serve the purpose. 

“A 2-liter beaker may be used for the boiling water bath, H, The digestion flask, i), 
is constructed firom a 125-cc. Erlenmeyer flask and a No. 15 interchangeable ground- 
glass joint. The cap is kept in place with two coil springs, 0.6 cm. (0.25 in.) in diameter, 
made from 20-gauge spring-steel wire. Considerable tension must be maintained on the 
springs to prevent the cap from being raised by the vapor pressure and breaking the 
cap or the flask when it snaps back into position. Tw'o 10-cc. all-automatic burets are 
most convenient for the 0.1 N potassium dichromate and 0.1 N sodium thiosulfate 
solutions. 

REAGENTS 

“Potassium dichromate solution, 0.1 4.903 grams per liter, reagent quality. A 

solution prepared from reagent quality' potassium dichromate agrees with the theoretical 
yield of alcohol by direct digestion of standard alcohol solutions. One cubic centimeter 
of the solution is equivalent to 1.15 mg of alcohol, (A 0.1 Absolution is preferred to more 
dilute solutions because it covers the range of the quantities of alcohol commonly found 
in the blood or urine specimens, and if reasonable care is exercised exceUent checks can 
be obtained even with as small quantities as 0.005 per cent.) 

“Sodium thiosulfate solution, 0.1 N, 25 grams of sodium thiosulfate plus 0.1 gram 
of sodium bicarbonate per liter. This solution is standardized against the 0.1 N potassium 
dichromate solution. 

“Potassium iodide cry'stals, analytical reagent, must be free from iodates. 

“Arrowroot starch, 1 per cent solution. (A fresh solution must be used). 

“Sulfuric acid, concentrated, reagent quality. 

“Mercuric chloride, saturated aqueous solution. 

“Sodium hydroxide, saturated solution. 

“Sodium tungstate, 10 per cent solution. 

“Sulfuric acid, 1 N solution. 

PROCEDURE 

“The blood or urine specimen (1 or 2 cc.) is measured into the distillation tube, F, 
and the protein is precipitated by the addition of 5 cc. of 10 per cent sodium tungstate 
and 5 cc. oft N sulfuric acid. These quantities of tungstate and sulfuric acid for a 2-cc. 
blood specimen effect a complete precipitation of the proteins, and little, if any, foaming 
occurs during the distillation. Since urine specimens do not ordinarily contain protein, 
it is usually unnecessary to add the tungstate. The analyses can be made on coagulated 
blood; however, care must be exercised when taking a sample for the determination to 
obtain proportionate amounts of the serum and clot. Whenever possible, an anticoagu- 
lant, such as sodium citrate, oxalate or fluoride, should be employed. 

“Ten cubic centimeters of a saturated solution of mercuric chloride and 10 cc. of a 
saturated solution of sodium hydroxide are measured into tube G. The tubes are then 
connected to the distillation apparatus and immersed in the hot water bath, which 
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should be kept at the boiling temperature during the distillation process. The alcohol is 
steam-distilled directly into the digestion hask, D. After 25 to 30 cc, are distilled, 10 cc 
of the 0.1 N potassium dichromate solution and 5 cc. of concentrated sulfuric acid are 
added to the distillate. The sulfuric acid should be allowed to run down the side of the 
flask to prevent it from mixing with the aqueous solution and causing the heat of solu- 
tion to raise the temperature before the flask is closed. After the flask is closed and the 
cap fastened with the two springs, the solution is mixed. The flask is then placed in a 
boiling water bath for 20 minutes. The solution is cooled, and the dichromate solution 
is washed down the sides of the flask with a stream of water from a wash bottle. Enough 
water should be added to dilute the acid to a 10 per cent solution or less. The excess 
dichromate is determined by adding approximately 0.2 gram of potassium iodide crystals 
and titrating the liberated iodine with the standardized solution of 0.1 jV solution sodium 
thiosulfate. Addition of the starch indicator should be delayed until the iodine color is 
nearly removed. Five drops of the 1 per cent starch solution are then added and the 
titration is completed.”*^* 


Calculations 

The chemistry of the reaction employed in the above method may be de- 
scribed by the following equations ; 

CrsOf + 14H+ + 6e^2Cr^ + 7 HjO 

CHaCHjOH + 4 OH- - 4 e ^ CH 3 COOH + 3 HjO 

2 KjCrjOj + 8 HjSOi + 3 CHaCHjOH 2 CrjCSO^s + H H,0 

+ 3 CH 5 COOH + 2 KjSO* 

It follows, therefore, that the equivalent weight of potassium dichromate 
is I the molecular weight or 49.04 g, and a 0.1 JV solution would contain 
4.904 grams per liter of solution. The equivalent weight of ethyl alcohol is the 
molecular weight or 11.51 g. 

The quantity of alcohol present in the sample and the per cent blood alcohol 
are calculated by substitution in the following equations: 

[(rrf)(jV^j) - (K,)(jV'.)] X = mg of alcohol per ml of sample, 

where 

= volume in ml of dichromate solution used 
Ad = normality of dichromate solution 
V, = volume in ml of thiosulfate solution used 
Ai = normality of thiosulfate solution 
y^ = volume in ml of sample of blood or mine. 

If a 1 -ml sample of blood or urine is used and both the dichromate and thio' 
sulfate are exactly 0.1 A, this expression may be simplified to: 

(10 — F,) X 1.15 = mg of alcohol per ml of sample. 


• F. L. Kozelka and C. H. Mine, “Method for Determination of Ethyl 
legal Purposes,” lU Eng. Chtm., Anal. Ed., 13, 905-907 (1941), copyrighted 1941 by thf 

American Chemical Society. 
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Milligrams of alcohol per milliliter of sample are converted into blood alcohol 

per cent as follows: 

Blood samples: By definition, 

mg of alcohol per ml of sample ^ 

10 

Urine samples: 

mg of alcohol per ml of sam ple ^ 

13 


The factor 13 is based upon the fact that alcohol is distributed in the body 
in proportion to the water content. Urine has a greater water content than 
blood, the distribution of alcohol, therefore, being greater (1.3 times) in urine 
than in blood, i.e., blood alcohol X 1-3 = urine alcohol. 

As an example, let it be supposed that 10.00 ml of a 0.1042 dichromatc 
solution were digested for 20 minutes with the distillate of a 2.00 ml sample of 
urine. On back titration, 7.86 ml of a 0.0996 JV thiosulfate solution were re- 
quired. What is the per cent blood alcohol? 

[(10)(0.1042) — (7.86) (0.0996)] X = 1.49 mg of alcohol per ml of sample 


1.49 

13 


0.1 1 per cent blood alcohol 


3. SAMPLING 

It has been remarked that the results of a scientific examination can be no 
better than the sample which was obtained for analysis. If an adequate, repre- 
sentative, uncontaminated sample is obtained, properly marked for identifica- 
tion, sealed against tampering, and if an accepted method of analysis is used, 
the results are not open to serious challenge. This is particularly true in regard 
to samples of body fluids obtained for alcoholic analysis. In these cases special 
precautions are necessary. For example, sterilization of the skin with alcohol 
must be avoided when taking blood specimens. If the person is dead, the body 
fluid must be taken before any embalming fluid is used. Of the many preserva- 
tives available sodium fluoride is satisfactory and may be employed to prevent 
coagulation of blood, in addition to preserving blood, urine, or other fluid from 
bacterial action. It is advisable, therefore, that a few recommendations be made 
relative to the problem of sampling, even though consideration has been gi\'en 
to the general problem of obtaining evidence in Chapter. 4. 

The following suggestions are made by the National Safety Council : 

“Obtain specimens as soon as possible after the accident or violation. If equipment 

is available, a preliminary breath test can be run at the scene of the accident or violation, 

or at designated places such as hospitals or police stations. Wait at least 15 minutes 

before obtaining the breath specimen, to be sure that possible recent drinking will not 
affect the test” 
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“Saliva may be obtained at the scene of the accident or violation, waiting at least ten 
minutes after the time of the accident before attempting to obtain the sample. Then 
have the suspect rinse his mouth thoroughly several times, and wait at least five minutes 
more. Then have the subject cYiew paraffin and discard first part of flo\\ of sali\a. (Do not 
permit chewing gum to be substituted for the paraffin.) 

“The person taking specimens of urine, saliva or breath should see the defendant 
give it, but hands should not be laid upon the accused person in order to obtain the 

specimen. 

“Blood specimens should be taken only by a physician, medical technologist, or 
other person with similar qualifications- They should be taken with the consent of the 
accused person, unless he is in an unconscious condition. Wlien taking the specimen, the 
skin and the instruments must not be disinfected with alcohol, ether, or other volatile 
reducing organic fluid. Use a 1 ilOOO bichloride of mercur>- solution. 

“Each body fluid specimen should be placed in at least two separate containers, 
and sealed and labeled in the presence of witnesses and the suspected person. One of the 
sealed specimens should be resen ed for use by the defense in case there is a request for 
an analvsis in another laboratorv. The amount of fluid to be obtained will depend upon 
the procedure used in chemical analysis, but there should be enough for at least three 


important cases, obtain specimens of nvo different body materials or obtain an 
additional specimen of the same material at a later ume to proNdde evidence for a more 

convincing case. . , , j j i j 

“Each specimen obtained should immediately be nghtly stoppered and sealed 

with gummed paper in the presence of witnesses. The label should show an tdenuficanon 

num^r, the date and time the specimen was obtained, and the signature of the person 

tak.n^e^sp«imemo the taking of the specimens should deliver them per- 

sonally to the chemist, technologist or physician who is to anal>-ze them. If sent by mad, 

he should send them special deliveiy', registered mail. , , . 11 

“If the specimen is to be stored, it should be kept under lock and key m a cool p ace. 

If considerable time is to elapse between the taking of Ae specimen and its analysis, 

proper presers ative material should be in the containers. » 


Preserving Specimens 

\ quantity of 10 mg of sodium Buoride per ml of blo<^, urine, or saliva 
(or S ^ains per fl oz) is sufficient to presery e the specimen for a week at r^m 
temperature If the specimen is to be preserv ed indefimtely. a larger quantity 
of fluoride (100 mg per ml of sample) is required and the sample should 

^^^Itrirdsdsarr that a portion of the specimen be retained 
pered, sealed container, and kept in a refrigerator until the case is clo^d 
order to give the defense an opportunity to make a check test l ey 
Haggard, et have studied the problem of urine sampling, 
gators Kve shown that between one and one-half hours and ten hours after the 

. committee on Tests for Intoxication, 

National Safety Council. Chicago. 1938. pp. 21-22. National Salety 

A/rmo .Vo. 29, July 1947, pp. 6-/. 
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consumption of alcohol the urine may be used to determine the concentration of 
alcohol in the blood. Special precautions, however, are required in obtaining 

the urine samples. The procedure recommended is as follows: 

Request the subject to empty his bladder. Discard this sample. One-half 
hour later again request the subject to void his bladder. This sample is used for 
the determination. After another half-hour collect another .sample. This is also 

examined for alcoholic content. 

Each sample of blood (or saliva) should total at least 10 ml. A greater quan- 
tity of urine may be collected, although 10 ml are suflicient. The samples arc 
collected in wide-mouthed bottles and closed tightly with rubber stoppers. A 
1-oz size bottle containing about 5 grains (300 mg) of sodium fluoride is satis- 
factory for samples of blood or saliva. A 4- or 6-oz size bottle may be used for 
urine samples; about 20-30 grains (2 g) of sodium fluoride are added to each 

bottle in this case. 

If more than one laboratory is to examine the specimen, a duplicate set of 
samples must be obtained. Do not discard any specimens until the case has been 
disposed of in court. Storage of the specimen in a refrigerator will assist in its 
preser\^alion, 

4. FORENSIC CONSIDERATIONS 

In order that the significance of the chemical tests may be fully appreciated 
by the court and jury, especially in communities where no relevant laws have 
been enacted by the legislature, it may become necessary for the expert to 
explain the effect of alcohol on man in terms of the concentration found in the 
blood (or other body fluid). The expert must have an adequate background of 
clinical obserx'^ations and experimental work on which he is able to base the 
correlation between the degree of impairment of the mental and physical 
faculties and the concentration of alcohol found in the blood. In addition, he 
must be thoroughly acquainted with the literature of the subject, particularly 
that of the physiology* of alcohol and tolerance. 

The Physiology of Alcohol ^ 

Alcohol is rapidly absorbed in the small intestines and to a lesser extent in 
the stomach. It is carried by the blood stream to all parts of the body. It is 
possible, therefore, within a relatively short time after ingestion, to delect 
alcohol in all organs, fluids, and tissues, where it is distributed uniformly and 
in approximately the same proportion as the water content of that part. 

Alcohol is eliminated from the body by oxidation and excretion. Oxidation 
takes place in the liver. This organ is responsible for the elimination of 90 to 
99 per cent of the alcohol ingested. Excretion takes place mainly through the 
kidneys (urine) and lungs (breath). About 2 per cent of the alcohol is eliminated 
in this fashion but in some cases as high as 10 per cent may be excreted. 

Estimates for the elimination of alcohol vary . Values ranging from approxi- 
mately 1 oz in 8 hours^^ to approximately 1 oz in 3 hours*^ have been reoorted. 
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:laim that during each hour the body 
absorbed alcohol. 


Tolerance ^ 

It is common experience that the intoxicating effects produced by alcoholic 
beverages vary hxjm individual to individual ; even with the same person, varia- 
tions in the effects of alcohol are experienced at different times. 

This phenomenon of different resistances to alcohol is sometimes used in an 
attempt to discredit the reliability and validity of the results of the chemical 
tests of body substances for alcohol. In order to meet this objection, it is necessary 
to know the current theories concerning the phenomenon of alcohol tolerance. 

This subject is, as yet, not completely tmderstood. 

Muehlberger** in a critical review of the literature points out that there are 

two aspects of tolerance : 
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blood than a person whose consumption tolerance is not great. The reasons foi 

this are not clearly understood at present. 

Constitutional or ^Uissue'^ tolerance is an expression used to indicate that the 

degree of intoxication is a function of the concentration of alcohol in the blood. 
In other words, individuals are affected to about the same degree at the same 
blood alcohol level, regardless of the total amount of alcohol drunk or their 
consumption tolerance. Since constitutional or tissue tolerance is about the same 
for each person and since the chemical tests of blood (and other body substances) 
measure the concentration of alcohol present, the validity of their use as an 
index of intoxication is not open to serious challenge. However, to forestall any 
possible criticisms two limits, as we have seen, were sanctioned. Blood alcohol 
values below the lower limit are prima jade evidence of sobriety while those 
above the upper limit are prima jade evidence that, insofar as the operation of 
an automobile is concerned, a person is under the influence of alcohol sufh- 
ciendy to impair his drmng ability. Values between the two limits establish 
that alcohol is present in the system but are not conclusive evidence of a person’s 
being under its influence. 

Closely associated with the problem of sampling (sec. 3) is the question of 
compulsion and constitutionality. An elaborate treatment of this subject may be 
found in an article by Ladd and Gibson.^ More recently, Marnet^^ has published 
a paper which also discusses this topic. These writers feel optimistic about the 
ultimate outcome of the legal controversy which revolves around the questions 
of compulsion, self-incrimination, and constitutionality in connection with the 
use of these tests and the presentation of the results as evidence in court. 

EXERCISES 

1. Prepare a solution of approximately 1 per cent by volume of ethyl alcohol in 
water. Ascertain its concentration in mg per ml accurately by determining its specific 
graviw or refractive index. This solution is to be used in exercise 3. 

2. Obtain a sample of urine from a person who has not indulged in any alcoholic 
beverage for the preceding 24-48 hours. Add one-half a teaspoon of sodium fluoride as a 
preservative to every 6 oz (180 ml) of sample. This sample is to be used in exercise 3. 

Use 1 to 2 ml of this urine for a blank determination. Follow the directions given 
for the method of Kozelka and Hine. Make two additional blank determinations. 

3. To 100 ml of urine obtained for exercise 2, add 5 ml of the alcohol solution pre- 
pared in exercise 1. Thoroughly mix the two solutions. Determine the concentration of 
alcohol following the method of Kozelka and Hine. Check the results obtained with the 
known concentration as calculated from the data of exercise 1. Repeat the experiment 
three times or until good accuracy is obtained. It has been recommended that analysts 
who are to perform these tests for court use should have “had experience in running at 
least 50 specimens with known quantities of 2 ilcohol.”^i To convert rag per ml of alcohol 
in urine to per cent blood alcohol divide the urine alcohol value by 1 3. 

4. Have a subject drink about 250-300 ml of whiskey, i.e., 8-10 oz in 4 or 5 high- 
balls; one-and-a-half hours after the last drink, have the subject empty his bladder. A 
half-hour later coUect a sample of his urine. Analyze this for its alcoholic content- After 
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another half-hour collect another urine sample and anal^’ze this for its alcoholic content. 
At least three anal^'ses must be made of each sample. 

At the time of taking each sample, \\*rite down your observations concerning any 
signs of intoxication. Correlate your observations with the per cent blood alcohol found 
to be present at the time the sample was obtained. 

Continue to obtain samples of urine ever>^ hour for ten hours or until no alcohol 
appears in the urine. Analyze these samples in duplicate. 

5. Repeat exercise 4 on another day using only 60 ml of whiskey, i.e., 2 oz in one 
highball. 

6. Repeat exercise 4 on another day using 350-400 mi of whiskey, i.e., 12-14 oz of 
whiskey in 6 or 7 hig hballs. 

7. Repeat exercise 4 using 250 ml of gin instead of whiskey. 

S. Repeat exercise 4 using a quart of ^vine. 

9. Repeat exercise 4 using 6 to 8 large botdes of beer as the source of the alcohol. 
This experiment should be conducted for at least ten hours, obtaining samples of urine 
every half-hour or hour for analysis. 


5. 

6 , 

7 


8 . 


10 


11 


12 . 


^ 3 . 
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CHAPTER 27 


LIQUOR ANALYSIS 


Many states have legislation to control the manufacture, distribution, and 
sale of liquors, wines, beers, whiskeys, and other alcoholic beverages; others 
continue to prohibit their sale entirely, except for medicinal purposes. Thus, 
when an arrest is made for a violation of the state liquor law, it is necessary to 
have the liquor analyzed. This analysis determines the nature and percentage of 
the alcohol in the liquid and establishes that it can be consumed by a human 
being. 

Usually, the defendant does not challenge the fact that the liquid was suitable 
tor drinking purposes, since, in most cases, this would enable the arresting officer 
to bring an additional and more serious charge against him. Occasionally, 
however, the arresting officer is especially interested in finding out if the evidence 
was unfit for human consumption. This situation might arise in connection with 

from a particular 

source was responsible for a person’s illness or death. Unscrupulous individuals 

alcohol or mixed it with grain (ethyl) 
alcohol for drinking purposes when the high profit to be realized made such a 
risky undertaking seem worth while. Since the sale of wood alcohol for beverage 
purposes is specifically prohibited under the law, a chemical analysis is necessary 
to establish its presence in the suspected evidence. 


have occasionally sold wood (methyl) 


an investigation of a complaint that an alcoholic beverage 


1. DETERMINATION OF PERCENTAGE OF ALCOHOL 

The determination of the percentage of alcohol in a sample of an alcoholic 

beverage is based upon the fact that variations in the percentage composition 

of aqueous ethyl alcohol solutions are accompanied by variations in the physical 

properties of the solution. Thus the amount of alcohol in a water solution may 

be determined by physical methods which measure either index of refraction or 

specific gravity. Tables which list percentage of alcohol in terms of these physical 

constants have been carefully worked out and have been reproduced in several 
texts. 

It is easier to determine the refractive index accurately than the specific 
gravity. The dipping refractometer (Chap. 40) is a convenient instrument for 
t is purpose. Specific gravity may be determined roughly by means of a hy- 
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drometer but for accurate work the Westphal balance or pycnometer (Chap. 7) 
is required. 

Accurate and uniform results in these determinations are dependent upon 
the removal of all compounds (other than the alcohol and water) that may be 
present in the sample when it is submitted for analysis by the arresting officer. 
This may be accomplished by the distillation of a portion of the sample. The 
distillate, then, is the liquid of which the refractive index or specific gravity is 
measured. 


Procedure for Distillation 

The distilling apparatus is assembled as shown in Fig. 199. A few boiling 
stones (chips of clay plate or small pieces of glass tubing) are dropped into the 
distilling flask to prevent superheating and bumping of the liquid. 

If the sample submitted is \\hiskey or other liquor which is thought to 
contain more than 25 per cent alcohol, add exactly 25 ml of sample to the 

distilling flask. Rinse the volumetric flask or pipette 

Q used to measure the sample twice with about 15 ml 

of water each time, and add these washings to the 
distilling flask. The contents of the flask are then 
diluted with 100 ml of water. If the sample is wine, 
beer, or other beverage with an alcoholic content 
below 25 per cent, increase the amount of sample 
used to exactly 100 ml and wash the volumetric 
flask twice with 50 ml of water each time. No 

further dilution is necessary'. 

Test the acidity of this mixture with blue litmus 
paper. If acid, add a dilute solution of sodium hy- 
droxide until it is alkaline. The purpose of this is 
to neutralize volatile acids, such as acetic, which 
might be present as a result of fermentation. For 

most samples this wall be unnecessary. 

The sample is now ready to be distilled. Heat 

""" T A ■ is applied gradually to the distilling flask until the 

L' ■“ .olml S.L« .o bL. The dUtUlanon is con.inued 

at a steady rate (a drop every' few seconds) until 

almost too ml base been recovered. The volumetric flask is then made up to 
volume bv addintt water from a wash bottle until the bottom of the meni^m ^ 
tangent to the ring etched on the neck of the flask. The percentage of alcohol m 

the distillate is then determined. With whiskey and other 

content where a 25 ml sample was used, the percentage of ^'^“hol “ the 100 
distillate is multiplied bv 4 to obtain the content of the original sample. 

; X L” pie "..bribed is less than 25 „l (or 1^ ral) a -all" ™ " 

^d the distillL is Collected and made up to the original volume ^^ath disti 


water. 



LIQUOR ANALYSIS 


367 


2. THE IODOFORM TEST 

The determination of percentage alcohol from physical measurements is 
based on the assumption that the distillate is composed of ethyl alcohol and 
water. It is advisable then that a chemical test also be made to establish the 
presence of ethyl alcohol. The test used for this purpose is the iodoform reaction. 

Directions 

To 5 ml of the distillate add 0.5 to 1 .0 ml of a 10 per cent sodium hydroxide 
solution, and to this add dropwise an iodine-potassium iodide solution* until a 
slight excess yields a definite, dark color of iodine. If no precipitate forms 
immediately, allow the solution to stand for several minutes, then shake and 
notice if any iodoform has precipitated. Smell the solution for the characteristic 
odor of iodoform. If no iodoform precipitates in the cold, heat the solution to 
60 C for a minute and set aside until cool. The presence of ethyl alcohol is 
shown by the gradual precipitation of a yellowish, crystalline compound, with 
the odor characteristic of iodoform. If necessary, these crystals may be identified 
by observation of their characteristic structure with a microscope (medium- 
power) . 

Specificity 

The iodoform reaction takes place in three steps: 

Oxidation of the ethyl alcohol to acetaldehyde by sodium 
(2 NaOH + I 2 NaOI + Nal + H 2 O) 

CH3CH2OH + NaOI — ^ CH3CHO + H2O + Nal 

lodination of acetaldehyde 

CH 3 CHO + 3 NaOI CI 3 CHO + 3 NaOH '(2) 

Hydrolysis of the iodinated aldehyde, with the formation of iodoform 

CI3CHO + NaOH ;=± CHI3 + HCOONa (3) 

The iodoform reaction is not specific for ethyl alcohol because a few other 

compounds react similarly. Methyl alcohol, however, does not form iodoform 

so that this test differentiates between these alcohols. For practical purposes, 

then, a positive iodoform reaction is sufficient identification for ethyl alcohol in 
alcoholic beverages. 

3. MIXTURES OF ETHYL AND METHYL ALCOHOL 

The substitution of methyl alcohol or other alcohol which is less expensive 
than pure ethyl alcohol is sometimes made when the alcohol is to be used in 
flavoring extracts, perfumes, cosmetics, etc. It is sometimes done even when the 

•11 * solution is prepared by dissolving 20 g of potassium iodide in 20 to 30 ml of dis- 

water, adding 10 g of iodine crystals, and stirring until solution is complete. Sufficient 
distilled water is then added to make a final volume of 80 ml. 
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alcohol is to be used for beverage purposes. Consequently, the laboratory may 
be called upon occasionally to make quantitative measurements of the amounts 
of methyl and ethyl alcohol in a sample. 


Method of Determination’ 

The specific gravities of pure methyl and pure ethyl alcohol differ by litde, 
but their indices of refraction differ considerably. Thus, the percentage by 
weight of alcohol, i.e., total alcohol (ethyl and methyl), in the distillate is deter- 
mined in the usual manner using the pycnometer method and the same specihc 
gravity tables* as for pure ethyl alcohol -water solutions. The scale reading at 
20 G of the Zeisst immersion refractometer is obtained in the usual manner for 
the mbcture. A table which lists the scale readings corresponding to pure methyl 
alcohol -water solutions from 0 to 100 per cent is available.’ The same table 
also gives similar information for pure ethyl alcohol-water solutions. The per- 
centage of methyl and ethyl alcohol mixtures in water solution is determined by 
interpolation. The following example will Ulustrate the method of calculation : 

Assume that the percentage alcohol (methyl and ethyl) in the distUlate was 
found to be 24.75 per cent by weight using the specific gravity (pycnometer) 
method . The scale reading of the immersion refractometer for the distillate was 

43.2 (20 C). 

From the table mentioned above it is possible to obtain by mterpolation the 
refractometer scale readings corresponding to (24.75 per cent) methyl alcohol- 
water and (24.75 per cent) ethyl alcohol-water mbctures. The table shows that 
a solution of 24 per cent methyl alcohol in water has an immersion refractometer 
scale reading of 29.1 ; for ethyl alcohol the scale reading is 58.2 (20 C). A 25 per 
cent methyl alcohol solution has a scale reading of 29.7 and for ethyl alcohol 

the reading is 60.1. Thus: 


Per cent methyl alcohol 

24 

(24.75) 

25 


Refractometer scale reading 

29.1 

(x) 

29J 


Per cent ethyl alcohol 

24 

(24.75) 

25 


Refractometer scale reading 

58.2 

Cv) 

60.1 


By inteipolation, 


A = 29.6 and y == 59.6 


Therefore the immersion refractometer scale reading corresponding to 

24.75 per cent methyl alcohol in nater srould he 29.6; the scale reading lor 
. While nadide^my die dible u.d, .he jigl »bl. di.nld he nW for «eie 

refr^mmenn of o.he, n.„el.e.e,er, ^y dso be nsed prodded didr 
readtegs arc those of the arbitrary scale suggested by Pulfrich. 
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24.75 per cent ethyl alcohol in water would be 59.6. The scale reading of the 
mixture of methyl and ethyl alcohol in the distillate was found experimentally 
to be 43.2. The percentage of each alcohol is found as follows: 


Per cent Alcohol 

ethvl 24.75 
mixture 24.75 
methyl 24.75 


Rejractometer scale reading 

59.6 
43.2 

29.6 


The percentage of ethyl alcohol is found by interpolation. Thus: 

43.2 59.6 

29.6 29.6 

13.6 30.00 
13 6 

X 100 = 45.3 per cent 


Hence, 45.3 per cent of the alcohol present is ethyl alcohol, and 54.7 per cent 
is methyl alcohol. 

When the percentage of methyl alcohol is determined to be less than 2 per 
cent in solutions of small total (10 per cent) alcoholic content or less than 
0.5 per cent in solutions of high total (50 per cent) alcoholic content, it is 
advisable that its presence be confirmed by qualitative chemical tests. 

Beyer and Reeves^^ have also investigated the use of the Zeiss immersion 
refractometer as a means of determining methanol and ethanol in mixtures of 
the two alcohols in aqueous solution. These investigators have improved on 
Leach and Lythgoe’s data^^ and have suggested an empirical method of calcula- 
tion which yields results that are more accurate. 

Other alcohols also have been used as adulterants or substitutes for ethyl 
alcohol in flavorings and extracts, as well as in tinctures, liniments, and other 
medicinal preparations which contain alcohol as the solvent. The authors are 
familiar with a case in which isopropyl alcohol was fraudulently substituted for 
ethyl alcohol in colognes and other toilet preparations. 

In these cases the specific gravities of ethyl and isopropyl alcohol (or higher 
alcohols) are not sufficiently close to use the above method in the estimation of 
total alcohol present. It is necessary therefore to do this indirectly by first deter- 
mining the amount of water present in the distillate of the sample. This may 
be done by using calcium carbide and estimating the quantity of acetylene 
evolved. The water content may also be determined by titration with the Karl 
Fischer reagent. Zerban and Sattler^-* have described a method in which spe- 
cially designed apparatus facilitates the titration by minimizing the manipula- 
tive difficulties arising from the experimental conditions required for the use 
of the reagent. 

Knowing the percentage of water, the relative percentages of ethyl and 
isopropyl (or higher) alcohol may be determined by measurement of the refrac- 
tive index of the solution. If no table exists in which refractometer scale readings 
vs, percentage alcohol (isopropyl*-^ or higher alcohol) are given, it will be 
necessary to construct a table by experimentation. 
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4. OTHER CONSTITUENTS 

Sev eral constituents or possible contaminants and adulterants which might 
be found in alcoholic beverages are mentioned below. Examinations for these 
compounds are not made frequently in police laboratories so that stepwise 
directions, which are avaUable elsewhere'® will not be given. The nature of 
the reactions, however, will be mentioned so that if it becomes necessary to 
perform any of these tests or to answer questions concerning them in court, the 
investigator will be fortified with the necessary theoretical knowledge. 

Methyl Alcohol — The methods used to detect methyl alcohol depend on its 
oxidation (by a hot spiral of copper wire or chemical oxidizing agent 
such as KMnOi) to formaldehyde and the detection of the latter com- 

pound . 

CH 3 OH HCHO 

Formaldehyde — This is detected by SchifTs fiichsin-sulfurous acid reagent or by 
a polyphenol in alkaline solution. For example, the condensation 
phloroglucinol may be depicted as follows: 

OH OH 



NaOH 


red -colored 
compound 


H ^ 

Since these reactions apply to aldehydes in general, *e condition must 
be controlled to eliminate any positive reaction which would r^t from 
anv acetaldehyde that may be formed during the oxidanon of the methyl 
alcohol. If the test for aldehydes is made directly on the original sample 

or the distillate, no special precautions need be takem 
Furfural — This aldehyde does not give a satisfactory test with Schifi’s t^^gent 
■' but does condense with polyphenols and other 

containing ortho and para activated hydrogens. Thus anitoe hy^- 
chloride condenses with furfural to give a violet co or. With tfe^ 
barbituric acid'® furfural forms a flocculent lemonish-yeUow precipitate. 
The chemistry of this reaction may be depicted as foUows. 

CO— NH 

/ \ 

C4H/>— CHO + HjC ^ 

CO— 


XH10 K 1 c 


AaT> 


CO— NH 



C*H 



^ CS + H,0 

/ 

CO— NH 

PRODUCT 
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Acetone — This compound (and other compounds such as isopropyl alcohol that 
can be oxidized to acetone) is detected by mercuric sulfate solution, 
which forms an insoluble precipitate with acetone. 

Coloring Matter of Whiskey — By extraction of the original whiskey sample with 
an immiscible solvent such as acidified amyl alcohol it is possible to 
determine if the coloring matter present is natural (flavescein) or due to 
an added, artificial coloring material such as caramel or synthetic dye.*® 
Alkaloids — These substances are detected by precipitation, using an alkaloidal 
reagent such as mercuric potassium iodide on the original sample (see 

Chap. 33). 

Heavy Metals — Inorganic compounds are detected by precipitation with hy- 
drogen sulfide, first in acid medium and then in alkaline medium. 

Esters, fusel oil, glycerol, sugars, fixed and volatile acids are other deter- 
minations that would be included in a complete examination, but for the pur- 
poses of police work, it is very seldom necessary that they be made. 

EXEROSES 

1. The student should familiarize himself with the exercises given in Chap. 7 and 
Chap. 40. 

2. Obtain three botdes of beer, each of a different brand. Without distilling, deter- 
mine the percentage of alcohol in each sample by both the refractive index and specific 
gravity methods. 

3. Distil the samples used in exercise 2, and determine the percentage of alcohol in 
the distillates by both specific gravity and refractive index methods. Compare the results 
with those obtained in exercbe 2. Which set of measurements gives higher apparent 
percentage alcohol? Account for thb. Save the distillates for exercise 5 below. 

4. Repeat exercises 2 and 3 using whiskey; wine; brandy; gin; hard cider. 

5. Add a known amount (in the region of 30 per cent) of methyl alcohol to four of 
the distillates that were obtained in exercises 3 and 4 above. Determine the percentages 
of ethyl and methyl alcohol in these prepared mixtures. Compare your results with the 
known composition. 

6. Following the directions, perform the iodoform test on methyl alcohol, ethyl 
alcohol, propyl alcohol, isopropyl alcohol, n-butyl alcohol, sec-butyl alcohol, acetone. 
Note which compoimds give positive reactions. 
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CHAPTER 28 


DETECTIVE DYES, 
FLUORESCENT POWDERS 
AND RADIOACTIVE 
DETECTORS 


1 . THE PROBLEM 

A common difficulty in detective work is the determination of the source of 
a substance or article, e.g., ink, gasoline, or money, for the purpose of connecting 
a suspect with a crime. This problem can be to a great extent solved, if there 
exists a means of chemically labeling the substance at its source or the article 
at its point of origin. In cases of recurring thefts or systematic sabotage the 
criminal can in this way be anticipated. The object of the crime, the tools 
which are to be used, or the area through which the culprit must pass can be 
treated chemically so that a suspect may be examined by merely looking for 
traces of the labeling chemical which was used. For example, the authors of 
“poison pen” letters can be identified by a chemical placed in the ink ; the area 
surrounding the place where kidnap ransom money is to be delivered can be 
characterized by sprinkling it with an appropriate chemical. The handle of a 
fire-alarm box from which false alarms are being sent repeatedly can be treated, 
and the hands of the crowd that collects can be scrutinized surreptitiously by 
the detective for the tell-tale stains. 

2. GENERAL PRINCIPLES AND THE NATURE OF THE 
CHEMICALS USED 

In general, the technique of this investigative procedure is uniform: A 
chemical which is easily identified is placed in intimate contact with an article 
or substance which is likely to be touched by the culprit in the commission of 
the crime. The chemical selected is of such a nature that it is known never to be 
associated with the labeled material, unless added for this express purpose. 
Then, if the labeled material is later found on or in the possession of a suspect, 
\dvid proof has been established with respect to his connection with the crime. 

The chemicals usually employed are dyestuffs which stain the hands, or 
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fluorescent substances which are detectable in ultraviolet light; in addition, 
radioactive materials may also be used. These substances are used as powders 
or in solution. They may be of natural or synthetic origin. 

If powders are used the factors to be considered in their selection are: color, 
i.e., the ability to blend with the object to be labeled, adhesive quality, and the 
difficulty required to remove the stain produced. 

If a solution is used the main consideration is that of solubility. This, of 
course, depends upon the solvent and the nature of the labeling chemical, as 
^vell as pH, temperature, etc. If a liquid is to be labeled the solvent selected 
to dissolve the labeling compound must be miscible with it. In addition, there 
must be no interference with the normal use of the liquid. Thus a substance 
which might corrode metals cannot be used to label gasoline because of its 
possible effect upon the gasoline tank or engine. 

3, DETECTION OF PETTY THIEVERY BY THE USE OF DYES 
AND FLUORESCENT POWDERS 

Recurring thefts from lockers, dormitories, large offices, or other places of 
ready access to many people present a tedious problem to the detective if he 
attempts to solve the case by lying in wait to observ^e the thief in action. A 
simpler solution of such a case can be reached by powdering the probable area 
or objective of the theft with a substance which can be easily observed later on 
the hands or clothing of the guilty person.^ 

Technique 

The powder is carefully dusted on a pocketbook, wallet, pocket lining, 
drawer, door knob or other object which the thief is likely to touch. On outdoor 
surfaces such as fire-alarm box handles, railroad car doors, garage locks, etc., 
an oil solution of the dye may be used. When the thief touches the treated 
object, some of the dye clings to his hand. Soon after this contact a stain de- 
velops; it is not readily removed except by the most careful washing. Naturally, 
the success of the ruse is dependent upon some obseiA'er who shares the confi- 
dence of the authorities and who will call in the detectives as soon as he sees 

the stain upon the hands of any person. 

A number of powders are listed in Table 16. A powder of the same color as 

the object should be chosen for the additional secrecy afforded by camouflap. 
For e.xample, dollar bills or bonds would be powdered by a feather duster with 
crv'stal violet. Rhodamine B may be used for brown leather wallets. If the 
criminal is aware of the possibility of such a trap he ^vill attempt to wash off 
the dve immediately. Many dyes may be washed off with soap and water 
without too great difficulty; hence the wash room should be within the ob- 
server's zone of surveillance. The thief may resort to the use of gloves or a hand- 
kerchief which can easily be discarded. For these cases, it would be well to use 
a fluorescent powder. Such a powder will become visible by fluorescence under 
an ultraviolet lamp. A portable ultraviolet lamp can be brought to the scene 
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crimes of sufficient gravity. As soon as the theft of the powdered wallet or 
er labeled article is discovered, all persons in the premises should be re- 
;sted to subject their hands and clothes to an ultraviolet examination. UsualK 
le of the powder will have clung to clothes of the guilty person, in addition 
fiat which will be found on the wallet and perhaps on his hands (l ig. 200). 
Some dves which stain are also fluorescent. Thus ultraviolet light frequently 

[ reveal residual traces of the dve, usuallv found in the crevices bordering 

0 • ' 



(a) (b) 


200. Fluorescent powder from a wallet is found on a trouser pocket and hand of a 
ect: (a) as seen in visible light; (b) in ultraviolet light. 

fie fingernails or in cuts and scars, even though all visible traces hax^e 
arently been removed by washing. It should be mentioned that lipstick and 
e nail polishes contain dyes that fluoresce red, orange or yellow. Hence, in 
case of female suspects, fluorescence from this source should be expected in 
facial area, on the hands, etc. ^Vhere an inorganic salt such as uranyl 
ate is used, corroboration may be obtained by means of spectrographic 
ysis. Spectrophotometry also offers a method whereby it is possible to iden- 
a dye uniquely. This is discussed in Chapter 43. Absorption maxima for 
tin dyes are given in Table 16. 

Combination of Dyes 

t is possible that the suspect may deny connection with the crime despite 
evidence of the dye. He may invent a reasonable explanation. When a diffi- 
r of this nature is anticipated two or more dyes can be used to make the 
ence more convincing. For example, rhodamine B can be applied in one 
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detective dyes 

„„ *e hands of d.e suspac. incrsasss greatly the probability ol his guU. (see 

a fluorescent powder can be used In combination with a staining 

nowder. In the event of the suspect's explaining away the stain, e wou 
some difficulty in the invention of a plausible reason or e presence 

fluorescent powder. 

Practical Aspects and Characteristics of Dyes 

Table 1 6 gives useful data which wUl be of value in the selection and ater 
identification of a dye. The dyes are listed in accordance with their usefulne 

” Wht it t r'e^utr^ran object be labeled for a considerable period ol 
time and especially if it is to be exposed to varying weather conditions, a 
saturated solution of crystal snolet, rhodamine B, or other dye in oleic aci 

(“red” oil) is more suitable than powder. 


4. CHEMICAL DETECTORS FOR GASOLINE 

The detection of systematic petty thefts of gasoline is both difficult and, over 
a long period of time, expensive if a detective is to be assigned on a plant untU 
the pLpetrator is caught. A simpler and more effective solution to use when such 

thefts have been noticed is to mark the fuel chemically. 


Technique 

The chemical used to mark the gasoline is dissolved in a suitable solvent 
and added to the tank.* This is done preferably just before the tank is to be 
filled so that the labeling material is well dispersed throughout the entire 
sample. A sample of the untreated as well as a sample of the treated gasoline 

should be obtained as controls. 

A list of suspects should be drawn up. When the next theft is noticed, samples 
of fuel are taken secretly from the tank of each suspect’s car. These samples are 
then examined for the substance which was used to mark the original gasoline.* 


Dyes and Indicators 

There are many dyes which might be used to mark gasoline. In general, 
those dyes which change color upon the addition of acids and basesf have been 
found satisfactory. For example, phenolphthalcin has been employed with suc- 
cess in a case reported by Kerr;^ a quantity of about 14 mg of phenolphthalcin 
per liter of gasoline was found to be sufficient. Other investigators^ recommend 
that a slighdy greater quantity (20 mg per liter) be used. Thus, to treat a 
500-gal storage tank of gasoline, 1§ oz of phenolphthalcin are dissolved in 
15-20 fl oz of a suitable solvent such as ethyl or isopropyl alcohol. 

* This may be the large storage %^essel of a gasoline station, the tank of an automobile or 
any other container from which it is suspected that gasoline is being stolen, 
t Such dves arc called indicators by chemists. 
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The examination of gasoline suspected of having been pilfered is relatively 
simple One ml of an aqueous solution of sodium hydroxide (a per cent y 
weight) is shaken tvith about 10 ml of the gasoline; if a red color develops m 
the ''bottom (aqueous) layer, phenolphthalein is present, mdicatmg that the 

gasoline examined was obtained from the treated supply- 

' IVhile the familiarity of chemists with phenolphthalem undoubtecfry ac- 
■munts for its being employed first, there are other mdicators which a further 
.udv of this problem would suggest because of their greater Thu 

bromphenol blue, bromcresol purple, and cresol red, to name a few, may be 

used instead of phenolphthalein. 

Fluorescent Materials 

There are several aromatic coal-tar hydroearbona such as *r>-” Cfm 
fluoranthene C„H„, fluorene and “T K^'ea nL e means of 

it would be tviser to use another method of labeling. 

Radioactive Substances , , 

The use of radioactive materials as a means of labeling s>sbs.anc« ts 
in sJctL 6. The usual precautions of obtaining control samples nail, of course. 

be obser% ed even with this method of marking. 

5 CHEMICAL DETECTORS FOR INK 

^ ■ Uv it is necessars' to demonstrate that the ink used in Nvritmg a 

document, record or letter was ^ signatures or 

nnnor c.nployees who wish to however. 

Oris by merely marking „„„„ ^e of assistance is in the inves- 

..\nnther instance m which mark ,„.„-.n,ous author of annoying or 

ligation of a suspect thought to ,,,e suspect should be studied 

.hrea.entng letters. In as Indicated below. 

)rtt:;:n.'i:';"rs 'ar^uenwitb the marked mk, the original susp.cton ,s 

'rni, ma. . 

a elvcn volume of gasoline. 
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Technique 

An aqueous solution of the substance chosen as the labeling material is pre- 
pared. The concentration of the labeling solution varies with the substance use , 
recommendations as to the amount to be added are made accordingly at t e 

appropriate places below. 

Fluorescent Materials 

It is well known that naphthylamines are highly fluorescent in ultraviolet 
light. ^Vhen they are to be used in aqueous solution, it is necessary to introduce 
a^sulfonic acid group into the molecule in order to enhance its solubility. 
The authors have found that l-naphthylamine-3. 6, 8-trisulfonic acid is very 
satisfactory for marking ink. A mixture of 5 volumes of ink (blue-black iron 
tannate type) to 2 volumes of a saturated solution (22 C) of l-naphthylamine-3, 
6, 8-trisulfonic acid results in writing with a characteristic greenish-yellow 
fluorescence. This is easily observed in filtered ultraviolet light after one 
has had an opportunity to become acquainted with the phenomenon to be 
observed. If instead of a 5:2 ratio, a 5:5 ratio is used (i.e., equal volumes), the 
yellowish-green fluorescence is obvious even to uncritical observers. This 
fluorescence does not last indefinitely; after the writing is several months old the 
intensity diminishes so that an experienced eye is necessary to detect its presence. 
Finally, after a few years the fluorescence seems to have vanished completely. 
It is possible to restore fluorescence to the writing by carefully rubbing a wad 
of cotton moistened with dilute sodium hydroxide over the ink line. If the docu- 
ment is important, great care must be exercised in the use of sodium hydroxide 
as it affects both the paper and ink. In this case an unimportant section of a line 
in the writing may be examined by using a bit of cotton wrapped around the 
end of a tooth pick. 

It is reported by Plotnikov, et alJ" that a mbeture of 10 g of aesculin and 10 g 
of sodium salicylate in 100 ml of a 1 per cent sodium hydroxide solution is 
useful as a means of marking ink. According to these investigators 1 part of this 
solution added to 10 parts of ink imparts a satisfactory and durable fluorescence. 

6. RADIOACTIVE SUBSTANCES AS DETECTORS 

3Vhile chemists have been using artificially radioactive atoms* in research as 
a means of tagging a molecule, their use has not been widespread because of the 
limited supply. Now, howev'er, because of the accelerated developments in the 
field of nuclear physics and the advent of atomic energy, it is to be expected that 
artificially radioactive materials will be available in quantities that will permit 
of their use in many other problems. In the police field almost any situation 
which requires the labeling of a substance will accordingly benefit. 

While it is not possible to specify the radioactive compounds that would be 
useful for each case in which such materials might be employed, it is nevertheless 

* A radioactive atom is one which has an unstable nucleus, spontaneously emitting 
corpuscular particles or electromagnetic radiations of very short wave lengths. 
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tht«r Mutupra anhich rmii famoM rava If o«il> alpha m bna fmfVKkm arr 
niiitird by thr tautupr trlrcird il la arccaary *o rrcww ihr radiuaruw* Mitmal 
frum any liquid in ahuh it may Kavr brrn dMfvnrd Tbr rra^iir lah ahrr 
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radaiactivr aulatancea which remain alter radon "teeda t have decayed TWy 
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.n.mter originally suggested by Geiger. Figure 201 is a dia^am of a Geiger 
counter ^ is an aperture through which the radiations pass ; it is ma e o t in 
class mica, or aluminum. T is a cylinder made of metal such as copper or bra . 
^ is’a fine tungsten or copper wire mounted coaxially with and insulated fro 
the cylinder. A high potential difference V is maintained between the wire an 
the cylinder. His a high resistance, while C represents the (distribumd) capacity. 
The cylinder is filled with a gas under reduced pressure ; the potential ^ applie 
across the counter is just slighdy less than that necessary to produce a discharge 
through the gas. When radioactive radiations pass through the cylinder, 



Fig. 201. Schematic diagram of a Geiger counter. 


ionization of the gas occurs and a momentary current flows. This current may 
be detected by some device, D, such as an electrometer; if amplified, this current 
may be used to activate a loudspeaker or a mechanical counter. 

The activation of the detector device attached to the Geiger counter is 
dependent upon the presence of radioactive substances and cosmic rays. Counts 
caused by the latter are termed background. Therefore to indicate the presence of 
radioactive substances there must be an increase in the number of counts over 
and above that arising from cosmic radiation. For a further discussion of the 
necessary statistical treatment of the data see Tryhom** and Strong.*^ 

In actual practice, Geiger-Miiller counters are employed. Elaborate elec- 
tronic circuits are used to increase the sensitivity of the counter, Tryhorn and 
Widdowson*^ have described a suitable amplifying circuit for a Geiger-Muller 
counter. In another excellent research, Curtiss*® describes a portable Geiger- 
Muller tube counter which operates on relatively low voltages. Its sensitivity is 
such that one microgram (10^ g) of radium can be detected at a distance of 
one meter. Since this instrument is convenient to use in the field because of its 
portability (it has a total weight of 1 3 lb) it is to be expected that ultimately this 
will become standard equipment in police laboratories. Portable counters are 
also available commercially. 


EXERaSES 

1. Consult Table 16 and select a powder suitable to label a dollar bill; a brown 
wallet; posts^e stamps; a desk drawer; obtain these articles and actually label them with 
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the powders selected. Examine the articles after this treatment. Do they appear natural 
or is it possible to detect by visual inspection that they have been labeled? Place the 
articles so treated in their usual position and have a co-worker simulate a theft. Examine 
his hands immediately after handling the article; continue to keep his hands under 
observation until the tell-tale stains appear. Have him attempt to remove the stains by 
washing. Is this difficult? When the stain has apparendy been removed examine his 
hands under ultraviolet light. In particular, notice the crevices around the fingernails. 

2. Obtain several samples of gasoline from different sources; examine each under 
ultraviolet light and with a sodium hydroxide solution. Divide each sample into Uvo 
portions of about 100 ml each. To each sample of one set add about 0.3 mg of fluorene; 
to each sample of the other set add 1 ml of ethyl alcohol containing about 2.0 mg of 
phenolphthalein per ml of alcohol. Examine the first set under ultraviolet light. Com- 
pare the treated sample with the original sample. Shake one ml of a 5 per cent sodium 
hvdroxide solution with 10 ml of each sample of the second set of treated gasolines. 

What color develops? In which layer? .\ccount for this. 

Assume that gasoline is being stolen from an automobile. Label the gasoline in the 
tank of this car. Remember that a greater quantity of labeling material is needed in 
this case since it is quite possible that the pilfered gasoline ivill be diluted by its having 
been added to a partly filled tank of another car. A 10- to 20-fold increase in the quanti- 
ties of labeling compound may be used to take care of this contingency. 

3. Obtain several samples of ink, including inks of different color and of different 
manufacturers. Using a clean pen point in each case, tvrite your signature mth each 

ink before anv chemical is added to it. , . , 

Pour a few ml of each ink into separate test tubes and add the recommended volume 

of the fluorescent solutions suggested in section 5. Shake the test tubes and allow them 

to stand for a minute before using. A series of writim;s. using a fresh pen point m eac 

case, should be made again, placing corresponding inks in juxtaposition so that the 

fluorescent characteristics of the untreated ink may be compared with the treated ink. 

The different colored inks should also be compared with each other when viewed under 

"'^'"Tl’rlp^e' a saturated solution of crystal violet or rhodamine B in “red” 
acid). Brush a thin coating of this solution on a piece of iron pipe, a doorknob and 

““Ewlh'i i~„ pip« » .h. w.a.h„ tor ooe »eek. Eaaoaioe the pipe » determine it 

with which these objects are handled in the course of a day. 
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CHAPTER 29 


CHEMICAL TESTS OF 
POWDER RESIDUES 


The examination of the residue that is left after the ammunition of a small 
firearm has been discharged is occasionally requested dunng “urse of an 
investigation of a crime such as a suspicious death or an assault. The aspect of 
this examination with which the present chapter is concerned is that of the 
chemical tests employed in the detection of nitrates and mtntes in the r«idue. A 
common aim of these tests is that of obtaining data relative to the possibihty of 

a death being suicide or homicide. r „ 

In the case of the nitrate test, a controversy exists over Ae value of ma^ng 
an examination of an alleged assailant’s hands for nitrates, the prince of which 
is claimed by some to be indicative of his having recently discharged a gim. 
The history of the paraffin or dermo-nitrate test has been summarized by 

..e fa« d.a. paraffin is .0 gato 

tarS.rparaffin.<Uph.nylar.^ tcs, i. b necessary 

In the case of the nitrite tesh a Lrie was 

tributton of the nitrites present m e pow ^ ^ estimating 

developed by Walker.’ This P'°“‘*'"'' J" ffie initial contact 

the dbtance (if not too grMt) tom test it b necessary to under- 

point at the time of to discharge. As m ^pp.«i.te its value 

stand the nature of the reaction that is OTp y ^ however, it b essentia 

Before the chembtry of these reacuons maV bf ' 
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1. POWDERS 

There are three types of powder used in the ammunition of small firearms — 
smokeless, black, and semismokeless. The most common is smokeless powder; 
black powder, although historically it preceded smokeless powder, has been 
replaced almost completely by the latter. Black and smokeless powders are 
sometimes used in combination as a semismokeless powder ; this type of powder 
is employed even less frequently than black powder. 

Black Gunpowder 

Chemically, black powder or gunpowder is an intimate mixture of potassium 
nitrate (saltpeter), carbon (charcoal), and sulfur, in the approximate ratio of 
75:15:10. When this powder is fired in open space, the following chemical 

reaction takes place : 

2 KNO 3 + 3 C + S — 3 CO 2 + K 2 S + N 2 

This reaction, however, represents an ideal situation. When the explosion occurs 
in a gun a much more complex reaction takes place. Substances such as potas- 
sium carbonate, K 2 CO 3 , hydrogen sulfide, H 2 S (hydrogen comes from water 
present, as moisture), potassium thiocyanate KCNS, potassium nitrite KNO 2 , 
and other compounds are found in the residue following an explosion of gun- 
powder in a firearm. The potassium nitrite probably forms as follows: 

2 KNO 3 — ^ 2 KNO 2 + O 2 

Smokeless Powder 

Smokeless powder consists of cellulose nitrate or glycerol nitrate combined 
with the cellulose nitrate. These compounds are commonly (but incorrectly) 
called respectively nitrocellulose and nitroglycerine. The chemistry involved in 
the firing of these compounds in the open follows : 

Cellulose nitrate: 

C, 2 Hi 404 (N 03)6 — ^ 9 CO + 3 N 2 + 7 H 2 O + 3 CO 2 

Glycerol nitrate: 

4 C 3 H 6 (N 03)3 — ^ 12 CO 2 4* 10 H 2 O 4 6 N 2 + O 2 

Again, these represent ideal decompositions; they differ from that which 
actually occurs when the explosion takes place in a closed space such as in a 
firearm. Indeed, in order to reduce certain undesirable side reactions, which will 
occur if not hindered, certain organic and inorganic compounds are added to 
act as stabilizers, to aid in the proper firing rate of the powder and to minimize 
corrosive effects upon the metal of the gun. Among the inorganic compounds 
employed are nitrates, bichromates, and oxalates. Some of the organic sub- 
stances used are nitrobenzene, graphite, and vaseline. 

It should be noted that again nitrates are present in smokeless powder as well 
as in black powder. Thus we should expect to find nitrites in the residue in the 
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barrel of the gun, in or around the wound and on the clothing of the person 
fired upon if the range is sufficiendy close. 


2. THE PARAFFIN-DIPHENYIAMINE TEST FOR NITRATES 

The procedure employed in carrying out this test is as follows; Gear, 
filtered, white parafiin (M.P. 38C-40C) is slowly heated until it has just 
melted. This liquid is then sprayed or poured over the fingers, hand, and wrists 
of the individual who is to be examined, until a coating of paraffin is obtained. 
This may be reinforced by thin layers of cotton or other fabric which in turn 
are covered with more melted paraffin untU a cast ^ in. or more in thickness has 
been built up. This may be done first on the back of the hand and then on the 
palm. When the paraffin has cooled so that it has completely solidified, the cast 

is peeled gendy from the hand. 

The parafiin mold is examined by slowly adding the diphenylamine reagent 
with a pipette. This reagent is prepared by adding (with constant stirring) 
10 ml of concentrated sulfuric acid to 2 ml of distilled water. To this solution 
add 0 05 g of diphenylamine and stir until the soUd is completely dissolved. A 
positive reaction is indicated by the appearance of dark blue specks on the inner 
surface of the cast. It may sometimes require as long as twenty mmutes for 
these blue specks to appear. The reaction may be interpreted as a two-stage 
oxidation of diphenylamine first to diphenylbenzidme (equaUon 1) and this m 
turn to diphenylbenzidme violet (equation 2). 



DiphcnylanMC 



Diphenylbenziciine 



« 



\_N— ^ 









Diphcnylbenzidinc 





N 



N 


/ '^-l- 2 H+ + 2e (2) 


Diphenylbenzidme violet 

Sm« the role of die nioate i> tdmply dtat of ao oxidiamg ag^it h 

ries are foood ir. ferUllae. " 

S^r^errUrerSeTcl”^ d.eh'laodat cheoda. aad 



387 


CHEMICAL TESTS OF POWDER RESIDUES 


pharmacists may also have small grains of oxidizing compounds on their hands^ 
It is probably true, as many proponents of this test claim, that m genera perso 
do not have nitrates or other oxidants on their hands as a matter o common 
occurrence. On the other hand, it is possible to discharge as many as to 
rounds of ammunition without obtaining a positive test for nitrates on e 


hands of the individual who used the gun. 

Thus we have a situation similar to that of the Florence test, a positive re 

action may be obtained without having discharged a firearm, and negative 

reaction may be obtained even after having discharged a firearm. A knowledge 

of these anomalies explains the otherwise unusual result obtained m the authors 

laboratory in which a patrolman discharged several rounds of ammunition from 

his sei^dce revolver held in his right hand. The paraffin-diphcnylamine test of 

this hand was negative while that of the left hand was positive. Obviously the 

suggestion that the two hands be examined, using one as a control, is no more 

a reliable procedure than merely examining the gun hand alone. 

It is interesting to note that the Supreme Court of Pennsylvania® admitted 
the findings of a positive reaction with the diphenylamine reagent to be used as 
corroborative evidence that a defendant had recently fired a revolver. 


3. THE WALKER POWDER RESIDUE TEST FOR NITRITES i® 

This test is designed to detect the presence of nitrites on cloth or other objects 
in the line of fire. From the pattern of distribution of the nitrite particles, it may 
be possible to estimate approximately the distance (if not too great) to the 
muzzle of the gun at the time it was discharged. In many respects this test is 
quite similar to that employed by sanitary chemists and bacteriologists who use 
sulfanilic acid and a-naphthylamine in testing for nitrites in drinking water and 

sewage. 


Preparation of Test Paper 

Unexposed glossy photographic paper is immersed in new hypo solution for 
fifteen minutes so that all the silver salts are dissolved. The paper is then washed 
in running water for one hour, after which it is immersed in a 5 to 10 per cent 
aqueous solution of C-acid for ten minutes or longer, after which it is dried. 
C-acid is the common name of 2-naphthylamine-4, 8-disulfonic acid. Fresh 
C-acid paper must be prepared for each series of tests. An alternative procedure 
recently adopted by Walker employs imbibition paper swabbed with a 5 to 
10 per cent solution of H-acidJ^ The advantage of this modification lies in the 
saring of time by eliminating the necessity of desensitizing and washing the 
photographic paper. In either case, the reagent (C- or H-acid) is made available 
for the reaction by having it dispersed in a tacky gelatin medium. Chemically, 
H-acid is l-aminO"8-naphthol-3, 6-disulfonic acid. 


Procedure 

A clean bath towel is laid on a worktable; a piece of the prepared photo- 
graphic or imbibition paper is laid face up on this. The fabric which is to be 
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examined is then laid £ace down on the photogcaphic papor* Over 
are placed a thin dry towel or other cotton fobric» a towd moisfeealbd wMl 3^^ 
25 per cent acedc acid, and as a final layer another dry towd. Ttos liwtiin a i dl 
arrangement is then pressed with a warm dectric iron fcr five ten minuf a 
When the photogpraphic paper is removed, it will have imprimnd upOD il a 
number of red-orange spots which correspond cocactly with the pnaitlon fin 
nitrite particles in the residue about the bullet hole m the dodbu Off oduiae 
the usual precaution of photographing (1 :1 scale) any successful rente sho ul d 
be observed since the dye may gnulually fade or disappear fiom die paper. 

In the test for nitrites, use is made of two wdl-known types of orgaide 
actions known as diazfltizfltion and An aromatic amine such as mctt 

phenylenediamine (in the Walker test C-add or H-actdi reax^ in a ^ute 
solution with potassium or sodium nitrite to form a diazonium salt. This in turn 
reacts with some of the remedning unchanged amine to form an azo dyt^ die 


color of which depends upon the amines involved, but generally varies fiom red 
or yeUow to brown. Using meta phenylenediamine the following equadoiis 
illustrate the principal chemical reactions: 


Formation of nitrous acid 

kno, + hx 

Diazotization {of each amine group) 

NH, 

+ ONOH 
NH, 

Coupling 


HONO + KX 




+ HW3 







2HX 

jf 

N=N 

NH, 

Hiqinar gk BiOWH 

It is known &om organic chemistry that 
p^ble to obtain a false positive test since oxidants m general camot gnm ^ 
S^^g or other material likely to be the subject of a powder residue examm^ 
““-ibis test may be useful in ascertaining if a hole in fabric was ^ « 

c^ideied^S other data, in estimating the approximate 
^ ^^harged. In this connection it may offer some ass^taaee ™ d«« 
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whether a person could have committed suicide or was shot by another. Of 
rourse the obvious precautions of using the gun which was involved m the 
original shooting, and similar ammunition (same manufacturer, type of powder 
same lot number if obtainable, age, etc.) against the same type of target must 

be observed if the estimates are to be reliable. ^ 

Since the situation most likely to prevail in these attempts to estimate me 
distance at which a shot was discharged is one in which complete control of all 
the variables is not possible, it is necessary to amass a large amount of expen- 
mental data so that the statistical variations may be considered before the 
estimate is made. In practice, several shots should be fired at two-inch intervals 
untU a rough idea of the approximate range is obtained; then many more shots 
must be fired at each of the possible distances suggested by the preliminary test 
shots until a case can be made out for a pattern obtained at distance X as being 
similar to the original pattern. Of course distance X should be specified as lying 
between certain limits and not as an absolute distance. In those cases where the 
statement is made that the gun was discharged beyond the range of possible 
suicide, the lower limit must not be less than the distance at which the person 

could have held the gun. 


EXERCISES 


1. Add 1 ml of ethyl alcohol to each of three test tubes. To the first tube add 50 mg 
of meta-phenylenediamine; to the second tube add a similar amount of benzidine, to the 
third tube add a similar amount of naphthylamine; to a fourth tube add a similar amount 
of C~acid and 1 ml of water; to a fifth tube add a similar amount of H-acid and 1 ml of 
water. To each tube add about 0.5 ml of 5 per cent acetic acid and shake. Are any 

color changes observed? Should any be expected? 

Now add one small grain of sodium or potassium nitrite to the test tube containing 

the m-phenylenediamine. What color results? Repeat this step with each of the other 
test tubes containing benzidine, naphthylamine, C~acid, and H-acid respectively. 

C-acid and H-acid are dye intermediates. They contain amino groups and therefore 
function like other amines; the disulfonic acid groups serve mainly to make them water 
soluble. If your laboratory possessed no C-acid^ or H-acid, could you still perform the 


test? 


2. Obtain several pieces of clothing or other cloth and, with proper precautions, 
discharge 

from a .32 revolver, a .38 revolver and a .45 automatic, through the various pieces of 
fabric at distances from 1 inch, every two inches up to 24 inches, and then every foot up 
to 6 feet. Examine each of these pieces of cloth for their nitrite patterns. Preserve the 
results, labeling the back of the photographic paper with the pertinent data. 

3. Using ammunition obtained from two different sources, have a member of the 
laboratory discharge a revolver at two different pieces of clothing material, noting the 
distance in each case. From a study of the nitrite pattern, determine the approximate 
range at which he discharged the shots. Perform any additional tests that may be neces- 
sary before making your decision. 

4. Examine both hands of the man who discharged the gun in exercise 3, (a) immedi- 
ately afterward, (b) the next day, by means of the paraffin-diphenylamine test. 


(a) a smokeless, (b) a black-powder-charged cartridge (do not use blanks) 



AN INTROIR’CTION TO CR I VI I NAUM It:* 


3«0 


TEXT REFERENCES 



O 


4«4 


1. CutdUnoa, I., “IVrmo-Niiriir Teit in Cub*,’’ J. Cttm. 

(1943). 

2. Ca»telUnt», I., and PUarncia, R.. " Ibc Parafhn Oaundrt A Inkmqur ior 
thr DiTim>-Niiratr T«l," J. Otm. Lsif W Cnm., 32, ♦63-46”’ (IMl ) 

3. *• Fhe DiphrnylaiTune Fctl U* Gunpin^dfr,” hBI Lm Emf. B^l., 3-', C>r»., 1^53. 

4. Mcixncr, K., ‘’SchuJivcTlruunnen durch llandlrticrwatfrn,’’ .bA J. knm , 73, 

81-108 (1923). 

3. Hibchcnz, J., ‘"Zur Franc dcr Entlrmunn»bc»timmunn bci Schilwcn mil rau'b* 
srhwachcm Pulvcr und Obcr die Tcchnik cUn SachwcMaei dc* PulvTnrxim," 

C- g "- * 233-264 (1930). 

6. Mueller, B., ‘*L’nter*uchur»nen uber die Befunde an der Schu«har>d nach Ahnahr 
von Schi.sBcn mil Trommelrevolvem,” Dfui. get. gerukl. .Ued., 2>, 149 139 

7. Walker, J. T., “Chemi»trv’ ai>d Le^al Medicine,” Am Eagl. J. .UiJ., 216, 1024- 

1027 (1937), pp. 1026-1027. r» » 

8. Schmidt, O., “Beitran zur chemuehen Analyse von SchimverleUunncn, Demt. 

get. geruhi. .Med., 18, 353-366 (1931). , . • i i- r ' 

9 “Diphenylamine ‘Paraffin Test’ for Gunpoi^tleT Residues- Admmib.litY in F.vi- 
’ dence,” J. Crm. Law and Crim., 27, 908 (1937) ler aim: “CkKninonwealth v. West- 

wood,” .Allantu Reporter, 188, pp. 307-308, 311. 

11. “Recent Advances in Scientilk Investigation,” B. C. I. BuH. .N. I. StaU Pei., 8 , 

Sept. -Dec. 1946. , r_j _j vj 

12. Conant, J. B.. and Blatt, .A. H., The Chemittrj ^ Organw Cmnpoand,, 3rd rd., Mac- 
millan, New York, 1947, pp. 453-460. v* u u » n, i 

13. Kockel, H., ‘Kriminaltechnisch Ncues zur Frage des Nahschus«, Deal. get. 

gertcht. Sled., 24, 55—59 (1935). 

general REFERENCES 

Smith. S., and Glaismr. J.. Rnvnl 

dclphia, 1939, Chap. HI. . oa. • c- » 7 r«- Lam 

Walker, J. T., “Bullet Holes and Chemical Residues m .Shooting , J- 

and Cnm., 31, 497-521 (1940). ,, . 

Wil»n, C. M., “The Pr^nadon a-lTrampmta.io„ ^ Ftrcarm. E.^. » L . 1. 

InrestipattoH. Thomas, Spnngfield. lU., 1943, Chap. /. 



CHAPTER 30 


DETECTIOIS OF 
CARBON MONOXIDE 
AND OTHER GASES 


1. CARBON MONOXIDE 

Carbon monoxide is a colorless, odorless, tasteless gas. It is slightly lighter 
than air and only slightly soluble in water. It forms an explosive mixture with 
air between the limits of 12.5 per cent to 74 per cent carbon monoxide. It is the 
product of the incomplete combustion of carbonaceous materials and rarely 
occurs in nature. It is classified as a chemical asphyxiant insofar as its effects 

upon man are concerned.* 

In cases of death by carbon monoxide, the services of the laboratory are 
sometimes requested to determine the source of the gas. Not infrequently the 
request is made before an autopsy has been performed and the cause of death 
established definitely. The investigation should be made as soon as possible, 
since the source of the gas may be altered, thus rendering it impossible to 
achieve positive results. Usually the death has taken place in some enclosed area 
such as a room or garage. The source of the gas is generally some apparatus 
such as an automobile or a gas refrigerator in which the combustion of the fuel 

was incomplete. 

The first step in the investigation should be an inquiry concerning the origi- 
nal state of the windows, doors, transoms, and the possible sources of the gas. 
These conditions should then be reproduced and the tests conducted. It is, of 
course, possible that owing to the excitement the person who discovered the 
body negelected to make notes on this matter; hence, failing positive results, a 
set of worse conditions (windows completely closed, etc.) should be assumed and 
the tests repeated. Since the premises have almost invariably been aired before 
the arrival of the police, it is impossible to determine the exact original concen- 
tration of carbon monoxide which existed at the time of the death. 

Procedure 

The procedure followed is to test the atmosphere in the region about each 

gas appliance (gas range, gas refrigerator, hot water heater), coal furnace, 
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automobile, etc., with a portable apparatus which is manufactured commer- 
cially (see Fig. 202). 

Those gas appliances having a stopcock which must be ignited at the orifice 
may require one-half hour or longer to build up a sufficient concentration of 
carbon monoxide if the defect is small. Where, however, the appliance is grossly 
defective a shorter time may suffice. W hile conducting the tests it is ad\ isable, 
as a protective measure, to use the indicator machine frequend\ throughout the 
time spent in waiting for the suspected appliance to build up a concentration 

of carbon monoxide. 




(b) 

Fig. 202. Two types of portable carbon monoxide indicators. 

Obviously ihe person in charge of the building in rvhich any 
appliance is located should be informed of the danger 
oermitting it to be used until the necessary repairs have been 

Uboratorv should be called to conduct a check test ^2““; 

repair job before the premises arc again declared suitable for habitation. 
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principle of Instrument 

The principle upon which the Carbon Monoxide Indicator* (Fig. 202a) is based 
is relatively simple. A catalyst, called Hopcalite, is used to bring about the 
oxidation of the carbon monoxide to carbon dioxide. Since this is an exothermic 
reaction, heat is emitted in proportion to the quantity of carbon monoxide 
converted. The following reaction takes place: 

2 CO + O 2 — 2 CO 2 4- A (heat) 

The heat evolved is carefully measured by means of a set of differential 
thermocouples. These are connected to a millivoltmeter that is calibrated to read 
direcdy in terms of per cent by volume of carbon monoxide. The scale covers 
a range from 0 to 0.15 per cent and is graduated in hundredths of a per cent. It 
reads directly to 0.005 per cent (| part per 10,000 parts of air) and may be 
estimated to 0.001 per cent (1 part per 100,000). 

Toxicity 

In most cases the detective conducting the investigation desires information 
concerning the toxic effects of carbon monoxide. The following treatment of 

this subject is given for that purpose. 

The toxicity of carbon monoxide depends upon its greater affinity (about 
300X) for hemoglobin than oxygen, and the greater stability of the carboxy- 
hemoglobin formed as compared to the oxygen analogue. In addition, the 
resulting retardation of the diffusion of the remaining oxygen of the oxyhemo- 
globin to the cell tissues by the carboxyhemoglobin causes a lack of oxygen 
where it is needed for maintaining the body processes, so that, effectively, the 
body is not poisoned but is rather suffocated or asphyxiated.* 

The factors upon which the effects of carbon monoxide depend are : 

(a) the concentration of the gas 

(b) the length of time of exposure 

(c) the respiration rate — this depends upon whether the person is resting 
as in sleep, or reading, or exercising as in eating or doing housework. 
The higher the rate of respiration, the more dangerous the existing 

concentration, other conditions being equal. 

(d) the temperature and humidity (these affect the blood circulation ; hencej 
as they increase they cause a more rapid combination of carbon monox- 
ide and hemoglobin) 

(e) the individual — this is a subjective factor.® 

Obviously it is difficult to state quantitatively a relationship which encom- 
passes all these factors, but the following (within reasonable limits) may prove 
useful as a guide 

P^CXT 


* Manufactured by the Mines Safety Appliance Co., Pittsburgh, Pa. 
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where P is a numerical value expressing the physiological effect upon a resting 
subject; C is the concentration of carbon monoxide expressed in parts per 
10,000 parts of air; and T is the tune of exposure in hours. 


When 


= 6 
= 9 
= 15 


Effect* 

No perceptible effect 
A just appreciable effect 
Headache and nausea 


Dangerous 


In case of physical exertion, the first value of P would be reduced firom 3 
to 2, 1, or even less and the other values would likewise be affected. 

These data may be stated somewhat more elaborately as follows;’ 


Farts of Carbon Monoxide per 
70,000 Parts of Air 

1 

4^5 

6-7 

10-12 

15-20 

40 and above 


Effect* 

Allowable for an exposure of several hours. 
Can be inhaled for one hour without appre- 

able effect. 

Causes a just appreciable effect after one 
hour’s exposure. 

Causes unpleasant but not dangerous symp- 
toms after one hour’s exposure. 

Dangerous for exposure of one hour. 

Fatal in exposures of less than one hour. 


Additional Tests for Carbon Monoxide 

In the event that a Carbon Monoxide Indicator machine is not 
possible to detect carbon monoxide with an alternattve chemical meth^. 
Strips of filter paper are saturated tvith a 1 per cent solution of 

S wiU, a 5 per cen, solucion of ^iun. a»«t. 

and exposing it to the suspected air for 10 to 20 minutes In e pit^ 

mZxide the strip will darken, the intensity dependmg upon the eon- 

metal. The reaction is as follows: 

PdCl 2 + CO + H 2 O ^ Pd i + CO 2 + 2 HCl 

An examination of this equation shows that the “onoxWe torfom 

as a reducing Sn^^o^Kd Xt gasoline vapor, ethylen^ 

ryt;ra”nd Mrogen sulhde produce a color change similar to that produced 
by carbon monoxide.* 

. 2.0 ed.. by H.nduum and Haggard, copyngbud t» and 19« 

bv the Reinhold Publishing Corporaoon. 
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Mention should be made of the difficulty which is sorneiunes cxpcncaccd 
in obtaining satisfactory results when this test is used. The reason for this may 
be that the compound, which is supplied as palladous chloride is, instead liasic 
nalladous chloride or palladous ammonium chloride and as such is unsatis ,i( tory 
since, among other things, it is not sufficiently soluble in water. In these cases 
the compound (ca. 250 mg) should be dried in an oven at 100 C for a period o 
an hour or more, after which it is placed in a beaker. The salt is then covered 
with 23 ml of water and 2 ml of concentrated hydrochloric acid and heat< d 
until it completely dissolves. Filter paper may then be impregnated with thi.s 
solution. It is advisable to test all palladous chloride strips which are prepared 
in the laboratory by using a sample of gas which is known to contain carbon 

monoxide. r i „ 

Quantitative methods for the estimation of the concentration of carbo 

monoxide in the atmosphere also use palladous chloride as an e.s.sential re- 
agent.*' The disadvantage of both these methods, however, is that they are 
lalaoratory methods and 'are not useful for quick determinations in the field. 
They may be of some value as a means of obtaining quantitative estimates 
later, after the presence of carbon monoxide has been demonstrated by qualita- 

tive tests. 

Berger and Schrenk" have carefully examined several other method.s that 
have been suggested as a means for detecting carbon monoxide in the air and 

determining its concentration. 

Shepard, in a preliminary report concerned with the rapid d<-terininaiion 
of small amounts of carbon monoxide in air, describes a method for fi(*Id use 
which is simple enough so that even untrained personnel are able to obtain 
accurate results. However, preparation of the required colorimetric indicator 
gel (a silicomolybdate complex and a catalyst, palladium sulfate) is time con- 
suming, and is not a simple procedure. The Mines Safety Appliances Co. have 
made available a portable instrument which they call a Carbon Monoxide Tester 
(Fig. 202i). This tester employs the indicator gel mentioned to detect carbon 
monoxide in quantities ranging from 1 part in 100,000 parts air to 1 part in 
1000 parts air. The color of the gel when carbon monoxide is detected changes 
from its original bright yellow to a green or a bluish green. By matching the 
color produced with a color scale which is provided with the apparatus, the 
concentration of carbon monoxide is readily determined. The indicator gel is 
contained in a tube which also contains a guard gel to remove water, gasoline 
vapor, and other interfering substances. 


2. CARBON DIOXIDE 

Carbon dioxide is another gas which is occasionally responsible for deaths 
that appear to be of a suspicious nature until the cause of death is ascertained. 
Rooms that arc not properly ventilated while using heating and cooking appli- 
ances may have the oxygen depleted and carbon dioxide content built up to a 
dangerous level; ultimately the oxygen content may fall to a point where the air 
in the room will no longer support life. In these cases the laboratory will prob- 
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ably be of little value in helping to establish the cause of death, because of 
practice of opening all windows in rooms in \\hich death occuried. The res 
of the autopsy examination and the \‘entilation habits of the occupants of 
room in which the death occurred must be studied for a complete diagnosi: 

If the original conditions have not been altered too greatly this i 
happen if the carbon dioxide was in a manhole, hold of a ship, pit near deca'i 
organic matter, silo, deep well or cave — by the discover)^ of the body and 
subsequent activities that followed, it is possible to collect samples of air wl 
Nvill be similar in composition to that which tvas present at the time of de 
This may be accomplished by filling a gas collector tvith water, allowing 
water to run out and to be replaced by the atmosphere. The sample can the 
analyzed with little difficulty in the laboratory. Gas collectors may be metal t 
which taper at both ends and are fitted with rubber hose and clamps, or 
may be made of glass with both ends equipped with ground glass stopcJcks. 
The capacity of individual collectors may range from 50 to 100 ml or great Jr. 

Carbon dioxide in small amounts (0.5 percent by volume) in the atmosjere 
stimulates respiration slightly but if breathed over long permds of time, rJinor 
phvsical discomfort as drowsiness or headache may result. ^\ hen the conceltra- 
tion reaches 5 per cent by volume, breathing is laborious; 10 per cent ct a be 
endured for only a few minutes; at 12 to 15 per cent a person soon bee ,mes 
unconscious; at 25 per cent death may take place. Again, the physiok gical 
effects depend upon concentration, time of exposure, physical exertion, tem- 
perature, humidity, health, individual predisposition, and air movement. 



3. OTHER DANGEROUS GASES 


Occasionally sulfur dioxide, chlorine, hydrogen sulfide, ammonia, and 
commerciallv used gases are the cause of untoward incidents, resulting in 


Dther 

Iness 



Fig. 203. Explosive gas indicator. 

r.“— s. ; 
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obvious. Thus, sulfur dioxide and ammonia may be released when defects appear 
in mechanical refrigerator systems; while chlorine and other gases may escape 

from a defective cylinder.* , 

The investigator in these cases would be required to collect test samples o 

the cas particularly if any laws or regulations governing the manufacture, storage, 

transportation, or use of these gases have been violated. The samples arc-taken 
as described above for carbon dioxide. Directions for laboratory analysis of these 

gases may be found in Jacobs'^ or Zhitkova.'® 
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CHAPTER 31 


BLOOD 


Frequeiulv. iraccs uf blood are left on the Neeapons .tr in>iniments used in 
^ conLi-ion of crimes as ^^■ell on the clothintr of both the injured person 
d the perpetrator. Blood evidence, therefore, mav be e.Ktrcmely unportant in 
ablishin? the possibility of guilt or inn.jcence ol a person held in connection 
th a crime. The sreatest evidentiary value results from an examination o a 
jod stain found on a suspect when the group of the stain and the blood ijroup 
the victim are the same, but differcm from that of the suspect. If the blood 
oups of victim and suspect are the same, the evidentiarv value of the is 

nsiderably reduced, since the suspect can claim that it is his own blood. Tests 
an alleged blood stain may. in certain cases, be used to exclude some .suspects 
10 are being held for investigation. If the stain is not blood, or is blood of a 
oup different from that of the victim, the \ alue ol the results is ncctatuc in 

.aracier and may be used to eliminate the suspect involved. 

It is obvious, therefore, that a laboratory iniestigator must be familiar with 
e methods of testing blood. He must be able to determine if a stain might be 
ood; and. if so. whether it is human blood. Further, he should be able to group 
e stain where it is possible. The field and laboratory tests used in these exami- 

ations are described below. 


1. THE COMPOSITION OF BLOOD 

Blood consists of a fluid portion called plasma and various solid substances 
\\\cA Jormed elemnits. The latter include the red corpuscles (erythrocytes). 

hite corpuscles (leucocytes), and platelets lor discs). 

SuTum is the clear lis^ht yello\^'ish fluid which exudes iioni a cut oi ^^ou^d 

nmediatelv after a clot has formed. In the laboraiorv. serum is employed in 

lood ^roupin? tests. It mav be prepared from \\h( 3 le bltjod b\ allo^^in^ tht 

lood to clot, puncturins: or rernoN'ing the clot, and centrifim-inst the remainintr 

quid. The supernatant fluid after centrifueation is the serum. Serum differs 

om plasma in that it contains less protein, since fibrinogen (a pluMua protein) 

transformed into fibrin when the blood clot is tormed. Serum also contains 

hrin fermint a substance not found in plasma. 
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Use of Saline Solution for Diluting Blood 

It is found that red blood cells retain their shape and size, and the cell walls 
are not ruptured when added to a saline or physiological salt solution; whereas 
their addition to ordinary water causes the cell walls to be broken. W^hen this 
happens the cells are said to be hemolyzed or laked. Physiological salt solution or 
normal saline solution is made by dissolving 1.7 grams of sodium chloride in 
200 ml of distilled water. In an emergency in the field a satisfactory saline solu- 
tion may be prepared by dissolving two heaping teaspoonfuls, of ordinary table 
salt in a quart of water. Saline solution exerts the same osmotic pressure on the 
cell \valls from the outside as the cell constituents exert inside. The cell therefore 
remains intact and no disruption of the cell wall occurs. This is desirable, since 
it leaves the blood in a condition similar to that in which it is found in nature. 
Accordingly, when blood is to be diluted for test purposes, saline solution is 
employed. 


2. PRELIMINARY OR NONSPECIFIC CHEMICAL TESTS 
FOR BLOOD 

The first part of the examination that is made of an alleged blood stain con- 
sists of a preliminary chemical test to establish if the stain might be blood. 
Chemical tests are nonspecific and are employed, especially at the scene of the 
crime, as a means of rapidly screening various stains which are thought to 
contain blood. If the result is negative the stain cannot be blood; if positive, 
further examination is required. These tests are not conclusive because other 
substances such as certain chemical compounds, pus, and other body discharges, 
etc., occasionallv gi\'c positive reactions also. Thus a positive chemical test is a 
necessarv but not sufficient condition for a stain’s being blood. 

There are several chemical tests which detect blood diluted to parts per 
100,000 or even to parts per 1,000,000. Accordingly, a small quantity of a very 
dilute sample is required for these tests. In those cases where the amount of 
blood is barely sufficient for the precipitin test the great sensitivity of the chem- 
ical tests is very desirable, since the available sample may be conserv^ed for the 
former test. In general, however, the sensitivity of the chemical tests exceeds 
greatly the demands of the laboratory investigator, since the significant tests — 
the precipitin and grouping tests — require considerably more blood. The 
chemical test which is most widely used is the benzidine test, although other 
tests are also employed, especially the reduced phenolphthalein test. 

Benzidine Test 

The reagent is prepared as follows: Place the amount of benzidine that will 
stay on the end of a spatula into a test tube. Add 20 ml of glacial acetic acid 
and 1 ml of 3 per cent hydrogen pero.Kide, and shake well. Excess benzidine 
should be present at the bottom of the tube, indicating a saturated solution. 

In place of the free base (benzidine), benzidine dihydrochloride may be 
used. It will be found that it is more consenient to use benzidine dihydrochlo- 
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ride, pariicularlv in the firlcl, since llm ulacial accic and iv unn.re^n.s, 

distilled water beins used to di-olve the compound msmad. 

When this rcauent is added to a blood solution, a blui-li -ck mi c oloi ( < \ <p 
almost immediatelv. The l)enzidine reagent does not k<<-p u- 11 and iimM r 
prepared just before it is t<t be used. It mtist be tested with known bloo.l M.snalb 
carried for this ptirpose as a smin on filter paper) n, asn-rtam ih n n has b.m 
prepared properly. This must be done before it is us<'d to exannnr ih< unkn<.v..n 

Stain. 

The procedure for making the test is as follows; 

Scrape off a small fra-ment of the suspected stain if it is on a mTiI objoei, m 
cut a few fibers or a small area from the stained part oi the doth, flace tie 



Fig. 204. Testing a stain on an axe with the benzidine reagent. 


specimen on a piece of filter paper and moisten it with a drop or two ol saline 
solution. After a minute or so. add a few drops (A the reai^tmi. d'he color should 
develop in a few seconds if blood is present (Fit?. 204). If the slain is verv old 
it may take somewhat lom?er for the color to develop. AlU'r a few ininiiie^ a 
blue color may develop even thous^h no blood is present. 


Reduced Phenolphthalein Test 

The reagent is prepared as follows; 1 to 2 t?rams of phenolphthalein an' 
added to 10(j ml of 23 or 3b per cent potassium or sodium lu'droxide in a 
230-ml round bottom flask. About 20 trrams of zinc dust are added to the solu- 
tion. A water-cooled condenser is attached in an uprit^ht position and ihr 
solution is refluxed until it becomes colorless. This solution inav l>e kept \)\ 
placing about 10 grams of granulau'd zinc in the container. 

Five drops of the reduced ]flten(jlphihalein solution are added u> 4 or 3 mi 
of a saline solution. An equal x'olumt' (4 or 3 mi i of 3 tier cent hvclroui'n neroxidc 
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is then added to the mixture. A few drops of this reagent are added to a saline 
solution of the alleged blood. If blood is present a rose color develops immedi- 
ately. This test is perhaps the most delicate of all the chemiccd tests. The authors 
have detected fresh blood diluted 1 part to 5,000,000 parts of water udth this 
reagent. 


3. CONFIRMATORY LABORATORY TEST 

It is possible to make further tests in the laborator\^ to establish that the 
positive result obtained in the preliminary' examination was attributable to 
blood. One confirmatory examination consists of a chemical test for hemin. 
Nippe’s modification of the Teichmann hemin crystal test may be used for this 
purpose. It is performed as follows: 

Smear a drop of the extract of the unknown stain on a glass slide. Pass the 
slide through a column of hot air arising from a low Bunsen flame until it is 
dry. Add 2 drops of the reagent* to the dried smear and place a cover glass 
over the preparation. Heat the slide ver>' carefully over a lo^^* Bunsen flame 
until bubbles form under the cover glass, i.e., until the liquid just starts to boil. 
Now 1 or 2 drops of the reagent are allowed to seep underneath the cover glass; 
the slide is permitted to cool and is then examined under a microscope (lOOX). 
The cr\'stals are rhombohedral in form and have a characteristic yellow to 

coffee -brown color. 

This test is not easy to cany^ out successfully t\dthout considerable practice. 
When the sample to be examined is very limited in quantity it is better to 
eliminate this test and to use the available blood for the precipitin test. 


4. THE PRECIPITIN TEST 

.After it has been established that blood is present in the substance under 
examination, the next step is to demonstrate that the blood is of human origin; 
otherwise a suspect can claim the blood to be that of an animal, picked up while 
huntin- or in handling meat, etc. Therefore, it must be shown that a differential 
test between human and other bloods was performed, if the value of the endence 

is not to be seriously impaired. _ 

The test that is specific for human blood is the precipitm tes^ Actually, this 

is a test for the proteins that are contained in human blood. Antibodies that are 

specific for blood proteins of human origin may be prepared. These specific 

antibodies, which are called precipitins, react with human blood only, forming 

a precipitate when added to a solution containing human blood. 

Precipitins are prepared by intravenously injecting an antigen (in this case, 
human blood serum) into a suitable animal, such as a rabbit. If appropriate 
precautions and proper technique have been employed, the blood serum of the 
immunized animal, which is obtained later by bleeding, will have dei eloped 
antibodies or precipitins that are specific for blood of human origin. 

• The reai^ent .s prepared as follows: Dissolve 1 g each of potassium chloride, potassium 
bromide, and potassium iodide in 100 ml of glacial acetic acid. 
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The blood scrum obtained from the immunized 
precipitin serum or merely human antiserum. 


animal is called antihuman 


The Meaning of Titer 

The ability of an antiserum to react with its antigen depends upon Us 
strength. The term titer is used to indicate the units of antibody in the scrum, i.e., 
to designate numerically the degree of strength of the antiserum. The titer value 
of an antiserum is estimated by titration experiments. Using exactly the same 
procedure, reagents, and other conditions of the test, progressively dilute 
(saline) solutions of the antigen are examined individually against the anti- 
serum. The reciprocal of the most dilute solution of antigen which gives a 
positive test within a specified time limit f is the titer. Thus, antihuman pre- 
cipitin serum which just gives a visible reaction at room temperature in 20 min- 
utes with human blood serum diluted 1 part to 10,000 parts of saline solution 

is said to have a titer of 10,000. 

A strong serum is generally preferable to a weak serum. Moreover, it Ls 
better to use serum of high titer that has been diluted than to use an undiluted 
serum of which the original titer is just about equal to that required for the test. 


Sources of Antisera 

Antihuman precipitin serum, i.e., antiserum, may be prepared in one s own 
laboratory, if the necessary animals and equipment are available. Directions for 

the production of antiserum are available elsewhere. ^ 

For most police laboratories, however, it is more convenient to obtain anti- 
serum from a commercial source.^ Any antiserum which is obtained in this 
manner must be sterile and perfectly clear from cloudiness or sedimentation 
if it is to be regarded as suitable for forensic work. In addition, each batch of 
antiserum must be tested to determine if its titer strength and specificity are 
satisfactory. 


Equipment 

The precipitin test is conveniently performed and requires a minimum of 
sample if microtubes are used. These tubes are prepared from approximately 
8-cm lengths of ordinary glass laboratory tubing, the inside diameter of which 
is about 3 mm. One end of the tu’bing is inserted into a Bunsen flame until it 
has been sealed. Capillary pipettes are employed to add the various solutions 
required for these tests to the microtubes. A pipette may be made by drawing 
out ordinary 7- to 8-mm glass tubing to a fine capillary about 1 ml in diameter. 
A new pipette should be used for each solution added to a tube. This precaution 


* For example in the precipitin test, 1:500, 1:1000, etc.; in grouping tests 1:2, 1:4, 1:8, 
etc. or 1:3, 1:9, etc. 

t In the precipitin test, 20 minutes; in blood-grouping tests, 5 minutes, 
t For example, Alexander S. Wiener Laboratories, 64 Rutland Rd., Bklyn., N. Y., oi 
Parke Davis & Co.. Detroit. Mich. 
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is advisable as a measure of insurance against the contamination of one specimen 
with another. 

Determination of the Titer of Antiserum 

In each of a series of seven microtubes place about 0.05 ml of human anti- 
serum. In the first tube carefully pipette 0.05 to 0.1 ml of human blood serum 

diluted 1:500.* Special care must be taken to obtain a 
sharp line of demarcation benveen the Uvo layers. This 
may be accomplished satisfactorily if the tube is held in 
a sloping position and the tip of the capillary is slowly 
withdrawn as the serum flows out under the slight pres- 
sure produced by gently squeezing the rubber bulb 
(,Fig. 205). A little practice in this manipulation is re- 
quired in order to prevent air bubbles from forming 
throughout the liquid and particularly at the interface 
of the two liquids. In the second tube add 0.05 to 0.1 ml 
of human serum diluted 1:1000; in the remaining five 
tubes the following dilutions of human serum are added 
respectively: 1:2000, 1:4000, 1:8000, 1:16,000 and 
1 :32,000. A clean pipette must be used for each solution. 

A positive reaction is indicated by the formation of 
a faint white cloud or ring at the junction of the two 
liquids. The demarcation is best observed by holding a 
small dark object (such as a ruler, card or fountain 
pen) in back of the tube directly in the path of the light 
and at the boundary line of the two liquids. 

The reciprocal of the last dilution which, at room 

temperature, just gives a visible reaction in ^venty minutes is taken as the titer of 
the antihuman precipitin serum under examination. ^Vlth human blood serum 
diluted 1 :1000, it is desirable that the antiserum give a visible reaction almost 
immediatelvor at most in two minutes ; after five minutes or so a definite precipi- 
tate should have formed. Antiserum with a titer of 10,000 or greater is quite 
satisfactor>' (and preferable) for forensic purposes, although serum of lesser titer, 

i.e. as low as 1000, may be used with caution. 



Fig. 205. Stratifying 

precipitin serum. 


Preparation of the Evidence Sample 

The precipitin test requires that a solution of blood serum diluted 1:1000 
(approximately) be prepared from the unknown (or evidence) sample, 

• A 1 500 dilution of human blood serum is prepared by hemolyiing whole blood with 
a rntnilm o, di.dlled " '"'pe” 

rrt Sirx,o7,s';‘r“r,' ^.e 

"'re^dT'din* ,mi» » S^of -he ongini b^od soludon: 

f b, addmg 24 Oil of salure soludon ,o 1 drop of .he hemolyeed blood, etc. 
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If the blood is fresh and unclotted at the time of the test, a 1 :1000 dilution 
may be prepared according to the directions given in the footnote on page 404. 
UsuaUy however, the blood has dried and it becomes necessary to extract the 
stain with saline solution. Old stains require a longer time than newly dried 
stains for extraction; if one-half hour or more appears to be required, extraction 

should be completed in the refrigerator. 

Extraction of a stained area approximately the size of a half dollar with 20 ml 

of saline solution (or an area about 1 sq cm in size with about 2 ml of saline) 
results in a solution diluted about 1 :50 with respect to its serum. If the stain is 
on a hard object such as a stone or knife, a little of the blood can be .scraped off 
and dissolved in saline solution. Each 2 mg of powder per ml of saline is equiva- 
lent approximately to a 1 :50 dilution. One ml of blood serum at a dilution of 
1:50 may be diluted 1 :1000 by adding 20 ml of saline solution. The following 
simple criteria may be used to judge when the approximately correct volume 

of saline has been added : 

COLOR TEST 

Blood diluted 1 :1000 with respect to its serum is almost colorless, although 
extracts of dried stains may appear very pale yellow in color. With experience 
some reliance may be placed upon this means of estimating the dilution. In 
those cases where the suspect has attempted to remove the blood (say, by 
washing a hammer or knife) the amount remaining may have to be dissolved in 
only a few tenths of a milliliter of saline in order for the dilution to be satis- 
factory. In this case color is the only means of estimating the dilution, 

PROTEIN TEST 

When a few drops of 25 per cent nitric acid are added to a few milliliters of 
blood serum diluted 1 ;10003 and the solution is heated to boiling, a faint cloudi- 
ness develops. If a heavy precipitate forms, the extract requires further dilution. 

FOAM TEST 

Shaking a test tube containing blood serum diluted 1 :1000 causes the forma- 
tion of a foam that persists for a short time in the tube. 

When the proper dilution has been achieved, the solution must be tested 
with litmus paper or other indicator. If it is not neutral, acidity should be 
adjusted with dilute sodium hydroxide solution (about 0.1 per cent) until the 
solution is neutral; alkalinity should be adjusted with a dilute solution of 
hydrochloric acid (about 0.1 per cent) until the solution is neutral. 

Any lint particles or other debris or sedimentation must be removed at this 
point by filtration or centrifugation until the solution is quite clear. The ques- 
tioned blood sample is now prepared for use in the precipitin test. 

Controls 

The precipitin reaction is quite sensitive; the possibility of false positive 
reactions must constantly be borne in mind. Accordingly, several control tests 
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arc carried out simultaneously in order to establish definitely that the antiserum 
employed is satisfact(jrv. Ixjth in titer and specificity, and that no accidental 
contamination or nonspecific p<jsitiyc reactions caused by other substances are 
responsible for the precipitate formed in the tube containing the extract of the 
questioned stain and the antiserum. The complete precipitin test, therefore, 
includes the following controls as an integral part of the test. The tube numbers 

refer to those listed in Table 17. 

An extract of the unstained material (lube 1 ) This determines if the sub- 
strate (i.e., the material bearing the stain) contains substances other than the 
blood stain which react positively with the antiserum. A negative result must be 

obtained in this tube. 

Saline solution (tube 2) - The solvent must be tested to demonstrate that 
it contains no substance which gives a reaction with the antiserum. A negative 

reaction must be obtained in this tube. 

Animal blood diluted 1 1000 (tube 3) - Heterologous bloods are used to 

show that the antiserum will not react with any blood except that of human 

origin. No reaction must occur in this tube. . .... 

Known human blood serum diluted 1 :1000 (lube 4) - This ts included m 

the controls to show that the antiserum reacts with human blood and that its 

titer is satisfactory. The reaction in this tube may be us«d as a standard for 

comparison with other positive reactions. 

Normal rabbi, serum (.ube 5) - This is used to sho. .ha. .he ex.rac. of .he 
ques.ioned ma.erial .sill no. form a prec.pira.e wuh blood ^rum which does 
L. comain human precipi.ins. No reac.ion should occur .n .hu .ube. 

The con.rol .ubes and .he .ube wi.h .he unknown sample are amnged 

as shown in Table 17. 

TABLE 17, Arran jement of Tabes in Precipitin Test 


test tube NUMUtK. 

UPPER LA^T£R 

(Test Solution) 

9 

Extract of 

unstained 

material 

Saline 

solution 

Animal 

blood 

(serum) 

diluted 

1:1000 

Kjjo^'n 

human 

blood 

scrum 

diluted 

1:1000 

Extract of 
unknown 
stain 
diluted 
1:1000 

Extract of 
unknown 
slain 
diluted 
1:1000 

LO\^XR LANXR 
(Reagent) 

,\ntiscruin 

Antiserum 

Antiserum 

Antiserum 

Normal 

Rabbit 

scrum 

AntihufiiaD 

Scrum 

RESULTS WHICH 
DEMONSTRATE THE 
PRESENCE OR 

absence of 

HUMAN BLOOD 

No 

reaction 

No 

reaction 

No 

reaction 

A white 
ring forms 
at inter- 
face al- 
most im- 
mediately 
or within 
a few 
minutes 

No 

reaction 

A white 
ring, cloud- 
ing or 
turbidity 
formed at 
interface 
within 20 
minutes 
or less 
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Procedure for Precipitin Test 

About 0.05 ml of the various reagents listed in the lower layer of Table 17 
are respectively placed with capillary pipettes in the bottom of the microtubes. 
The test solutions listed in the upper layer are carefully pipetted into the micro- 
tubes respectively as indicated in Table 17 (see Fig. 205). A sharp line of 
demarcation must be obtained between the upper and lower layers. A clean 
pipette must be used for the addition of the various test solutions in order to 

avoid any possibility of contamination. 

At the junction of the two liquids, which are kept at room temperature, a 

white cloud or white ring will be seen at the interface of the two layers m those 
tubes containing the specific substance with which the antiserum reacts. If this 
white turbidity occurs in tube 6 within 20 minutes and in tube 4 almost immedi- 
ately or at least within a few minutes and does not occur in any other in 20 min- 
utes, it may be said that the blood examined was of human origin. 

If the suspect has claimed that the blood stain is that of an animal, known 
blood from an animal of the alleged species is tested against the antihuman 
precipitin serum in tube 3. In addition an extract of the stain should also be 
tested against precipitin serum anti to the blood serum of the alleged species of 
animal. For example, if it is claimed that the blood is from a chicken, anti- 
chicken serum should also be used to determine if any chicken blood is present 
in the stain. It is possible that the stain might contain animal blood or human 
blood. In the former case the suspect's assertion is substantiated; whereas in 
the latter it is demolished. If both animal and human blood are found in the 
stain, the forensic value is similar to that in which only human blood was present. 

5. BLOOD GROUPS 

In 1900 Landsteiner discovered by mixing the red blood cells of one individ- 
ual with the serum of another individual, that human beings belong to different 
blood groups. In certain such combinations of red blood cells and serum 
Landsteiner found that the cells clumped together or agglutinated. This phe- 
nomenon of red cell agglutination^ was explained on the basis that the red 
blood cells contain an antigen or agglutinogen and that the serum contains 
normal antibodies or agglutinins. Further investigation showed that there are 
two such antigens in the red blood cells and two corresponding antibodies in 
the serum. The two antigens were, for convenience, named A and B and the 
two corresponding antibodies were named anti-A (or alpha) and anti-B (or 
beta). Later developments showed that an individual might have one of these 
antigens in his blood cells, or he might have the other, or both, or neither. Thus, 
four combinations are possible. A person having antigen A in his red cells 
belongs to group A; a person having antigen B in his blood cells belongs to 
group B; a person having both antigens A and B in his red cells belongs to 
group AB; a person having neither A nor B in his red cells belongs to group O. 

* Since blood cells and scrum of the same species are involved this is sometimes termed 
isc agglutination. 
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WTiatever antigen a person has in his cells, the corresponding antibody or 
agglutinin is lacking in his serum. Obviously this must be so, for if a person 
has antigen A in his cells and antibody alpha, i.e., anti-A, in his serum, his own 
cells would be agglutinated. Thus, a group A individual has antigen A in his 
cells and beta antibody (anti-B) in his serum; a group B individual has antigen B 
in his cells and alpha antibody (anti-A) in his serum ; a group AB individual 
has antigens A and B in his cells and no antibodies in his serum, a group O 
individual has no antigens in his cells and both alpha and beta antibodies in 
his serum. Groups A and AB can be further subdivided into groups Ai, A*, 
AiB and A 2 B. Bloods of the Aj subgroup give distinedy weaker reactions than 
those of the Ai subgroup. Other systems of nomenclature that have been used 
to designate blood groups are shown in Table 18. 


Distribution 


SYSTEM OF NOMENCLATURE 


International 


Jansky* 
Moss* 


Approximate Distribution of Groups 
in Per Cent (European Stock) 


O 


IV 


40 


BLOOD GROUPS 


II 


II 


40 


B 

AB 

III 

IV 

III 

I 

10-15 

5 


• The interaational system of nomenclature is preferable to these historical systems of 
designating blood groups. 


In order to produce agglutination, it is necessary to combine an aggluttnogen 
(antigen) with its agglutinin (antibody) ; thus, red blood ceUs contammg^e 
A factor can be agglutinated by sera of either group B or ^up O since both 
contain alpha agglutinin. Similarly, red blood ceUs containing the B factor c^ 
be agglut^ated by sera of either group A or group O, smee both contam beta 
agglutinin; group O ceUs cannot be agglutinated because they “ntam no 

groups since group AB requires either alpha or beta agglu^tmm to agglutmate it 
and each of the other groups contains at least one of these agg utmins m 1 

"lamination of Table 19 shows that with sem of groups A B h h 
Dossible to classify any blood into its proper group. If A serum (re., ann ) 8> 

reaction thl agglutinated blood is cite group E or To 

^ L o f anti-A'l is emDloved smee it does not react wiin 

hptween tlicsc^ B scnini 3.nn H / o- *i i 

B blood but if it is AB blood a positive reaction will 

B serum (i.e.. anti-A) it “jf^-^^XeTta „ B^ail 

separated further, usmg A serum (anti-B). It the sera oi g h 

to agglutinate the blood, it is of group O. 
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table 19. Characteristics of the Red Cells and Sera of the Various Blood Groups 


Agglutinogens in red cells 


Agglutinins in serum 


Serum agglutinates red cells of groups 


GROUP 

O 


alpha and beta 

A 
B 

AB 


Red cells agglutinated by sera of groups 


GROUP 

A 


beta 


B 

AB 


B 

O 


GROUP 

B 


B 


alpha 


A 

AB 


A 

O 


GROUP 

AB 


A and B 


A 

B 

O 


* Note: Serum containing alpha agglutinin is known as anti-A serum; serum containing 
beta agglutinin is known as anti*B serum. 

6. SOURCES OF ERROR 

Before studying the methods of grouping blood, mention should be made of 
the possible occurrence of false positive results owing to nonspecific aggregation 
of red cells.^- ^ Thus, positive reactions that simulate true isoagglutination may 
be the result of bacterial contamination (bacteriogenic agglutination) or 
rouleaux formation {pseudoagglutination), the latter resulting from acute bac- 
terial infections or pregnancy, in which the red cells stack up like coins, this 
being referred to as rouleaux. In addition, other nonspecific clumping may occur 
when the tests are carried out at low temperatures; this phenomenon is referred 
to as cold-agglutination or, when the serum and red cells of the same individual 
are involved, the phenomenon is termed autoagglutination. 

False negative results will be mentioned in the various procedures where an 
awareness of this phenomenon is necessary.^-® Negative reactions of this type 
may be the result of a reduction in reactivity or the destruction of the agglu- 
tinins or agglutinogens originally present. In particular, care must be exercised 
to prevent mistaking A2B for B or an A2 for O because of the weaker reactivity 
of the A2 factor. 

In general, specific isoagglutination or the reactions by which blood may be 
grouped will take place if the proper techniques, including controls, are em- 
ployed and the precautions regarding concentration (or dilution), temperature, 
and sterile conditions are assiduously observed. 

There are two conditions in which blood may be found at the scene of a 
crime or on the clothing or other evidence belonging to persons alleged to be 
involved in crime; namely, as a dried stain or as fresh blood, i.e., as a liquid or 
in a partially clotted condition. The techniques of grouping under these circum- 
stances are different, fresh blood being relatively simple and a dried stain being 
difficult and fraught with many pitfalls, depending upon its age, the nature of 
the substance (shirt, shoe, glass, etc.) on which the stain is found, the conditions 
to which it has been exposed, the quantity present, etc. 
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Fig. 206. Blood cell suspension suitable for 
grouping purposes (ca, lOON.). 


7. GROUPING OF FRESH BLOOD 

Preparation of Reagents 

2 to 5 per cent suspension in saline solution of the red cells of the blcxid 

to be grouped is required. This is prepared as follows: Place 5 ml of saline 

solution and 0.3 ml of a 3 p)er cent 

sodium citrate solution in a small test 
tube. If the test-tube method (v.i.) is 
to be used add 4 to 7 drops of the 
blood to be tested to the saline -citrate 
mixture; if the glass-slide method 
(v.i.) is to be used, 8 to 12 drops of 
the blood to be tested are added in- 
stead of 4 to 7. The solution has a 
light pink or cherry- color when the 
cell concentration is in the desired 

region. .A n.icroscopic examina.ion may al«> be made to determine if >he cell 
ampenrion is of the proper dilution (Fig. 206). With expertenee, however, vtsual 

inspection of the color will usually suffice. This mav be 

Some serologists prefer to use cells that have been washed. This may be 

accomplished as follows: The tube containing the cell suspension ,, shaken 

gemly for a few minutes. The contents of the tube are then “ntrtfuged at^d he 

iupernatant liquid is discarded. Five ml of saltne solution are added to the 

sediment. The cells are resuspended by gently shaking the contents tn the tube. 

The color should again be light pink or cherry-. ,hev arc to be used- 

Suspensions of fresh cells must be prepared on the day 'h' a- >o 

otherwise nonspecific reactions may result from the bac er 
plied in blood prepared more than a day before n was 

Test Tube Method for Fresh Blood 

PROCEDCRE FOR THE DETERM I.VATIO.X OF ACCU'Tl.VOCE.\S 
The small test tubes required for these tests may be purchased ■‘'ady-made 

Z * o^Tm'^Lrertom rmtcmlen^^^^^ are used (and the 

tests carried out) at room temperature. blood to be tested in a 

Place one drop of a 2 per cent cell suspension ^ 

small test tube. .\dd one drop of saline „ ,hat L thU tube 

anti-A serum. Repeat ” rt“ 

the serum used is known anti B. the contents of both tubes 

tubes to stand for about 60 minutes^ examine the tubes. The cells 

willS 
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The results of the test are determined visually after shaking each tube gently 
once or twice. In this manner it can be seen with the naked eye or by micro- 
scopic inspection whether agglutination has taken place or not. If the sediment 
is not evenly dispersed but remains in a clump or clumps (Fig. 210, tubes 4 to 6) 

a positive agglutination reaction has taken place. 

If the corpuscles (i.e., the sediment) are resuspended readily, dispersed 
evenly with no clumps and the original color is restored to the fluid then no 

agglutination reaction has occurred (Fig. 210, tube 2). 

The agglutinogens present in the unknown blood are deduced from the 
results obtained in the tests. If known anti-A serum (alpha agglutinin) caused 
agglutination, the unknown blood contained cells with the A factor; if known 
anti-B serum (beta agglutinin) caused agglutination, the unknown blood con- 
tained cells with the B factor. If neither known serum caused agglutination, the 
cells were of group O; if both sera caused agglutination, the ceils were of 
group AB (Table 19). 

Slide Method for Fresh Blood 

PROCEDURE FOR THE DETERMINATION OF AGGLUTINOGENS 

Place one drop of known A serum (anti-B) and known B serum (anti-A) on 
the opposite ends of a glass slide. To each drop add one drop of the unknown cell 
suspension (3 to 5 per cent) prepared 
as described above. Gently rotate and 
tilt the slide to insure a thorough 
mixing of the cell suspension with the 
serum. Continue this intermittently 
for approximately 5 minutes and ex- 
amine each drop with the naked eye 
for signs of agglutination. A micro- 
scopic examination at 50-100X may 
also be made (Fig. 207). 

In forensic examinations, sera 
from two different sources should be 
employed in order to have a check on 
the reliability of the results obtained. It is advisable to use the test tube method 
since there is less possibility of a nonspecific reaction, such as pseudoagglutina- 
tion, occurring. Centrifugation is helpful also in that the reaction occurs more 
quickly. In the case of a weak reaction there is less chance of missing it since 
the progress of the reaction is accelerated by this mechanical operation. 

Determination of Agglutinins in Fresh Blood 

The procedure in this case is the same as that given above for the determina- 
tion of the agglutinogens except that the reagents now are suspensions of 
known O, A, and B cells and the serum is the unknown. The serum of the 
unknown blood (which is to be tested) should not contain any corpuscles, the 



Fig. 207. Microscopic view (lOOX) of agglu- 
tinated blood in the slide method. 
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latter being removed by centrifugation. If the unknown serum agglutinated 
either t^or both) of the known A and B cells but not the cells of the control 
(group O), the nature of the agglutinins in the unkno^^^l serum is deduced as 
follows ; If kno^^•n A cells are agglutinated, the unknown serum contained alpha 
agglutinin ; if known B cells are agglutinated the unknown serum contained 
beta agglutinin. If neither A or B cells were agglutinated then the unknown 
serum contained no agglutinins (Table 19). 


8. GROUPING OF DRY BLOOD STAINS* 

Grouping of dried stains is a much more difficult operation than that of 
grouping fresh blood. Considerable practice and experience are required before 
one may feel confident to use one’s determinations of the group of a stam as 
evidence in court. It has been suggested that an individual should have cor- 
rectly grouped at least fifrv known stains before attempting to carry- out these 
tests in medicolegal work.'' The age of the stain, direct sunlight, extreme tem- 
peratures, and other hazards to which the blood may have been exposed are 
conditions that produce alterations in the agglutinating factors and hence 

lessen the possibility of success in the grouping of dried stains. 

W here possible it is advisable that both the agglutinin and agglutinopn 
content of a dried stain be determined since one alone may not be conclusive. 
Ho^vever. a negative result - that is, failure to detect an agglutinin or agglu- 
tinogen — cannot be taken to indicate its (or their) absence in the blood 
oricrinallv, for alterations and deteriorations may have taken place which inter- 
fere with obtaining a positive reaction. To illustrate how an error might resu t 
from neglecting to heed this admonition, suppose that a positive test is obtained 
onlv for the agglutinin factor of the blood under examination when it is mixed 
with known B cells. If one disregards the possibility that the negative A reaction 
mav have been the result of the deterioration of the (anti-A) alpha agglutinin 
one would sav that the blood tested was a group A. However, all that one should 
sav is that the blood tested may be that of group A or group O ; or, to state it in 
a negati^•e manner, the blood tested could not have come from group B or 

^^'xow^if the test is continued and the agglutinogen factor determined, one 
IS in a better position to deduce the group of the blood. Let us suppose in the 
above case that the presence of group specific substance A is demonstrated and 

B is absent, ^ve may then say with certainty that the blood 

If n.t group specific substance was found, we again may say only that it may 

''lnTe.?cnd. Agglutinins are less stable than agglutinogens. Thus, *e 

serum factors uhe agglutinins) have deteriorated before 

„pportunitv to make the examination, it is necessary to rely upon the results 
lion ot Or. A. S, icncr. 
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obtained from the tests for the agglutinogens. In the.se cases the resu ts are useful 
for their eliminative value. For example, in the above hypothetical case if only 
a-glutinogen A was found, a suspect could be e.xcluded if the victim’s blood ujs 
of group B or O. If the victim’s blood was of group A, the evidence is unfa\ orable 
for the suspect but the laboratory finding would have even greater probati\e 
value if the presence of beta agglutinin (anti-A) could also have been demon- 
strated. 

Determination of the Agglutinin Factors in Dried Blood 

There are two techniques that can be employed to examine a dried stain 
for its agglutinin content. If a thin crust of blood can be obtained, a slide method 
may be used. Such crusts are usually available when the blood is concentrated 
in a small area instead of having spread out over a large area. If no crust is 
obtainable, then a test tube-extraction method is employed. 


CRUST-SLIDE METHOD 


A few sq mm of a thin crust (weighing in the region of 0.1 to 1.0 mg), are 
sufficient for the purposes of this test. Thick crusts are not satisfactory since they 

cause the cover slip which is placed 


over the preparation to be raised too 
high. A scalpel or razor blade is used 
to dislodge the crust from smooth 
surfaces such as glass, stone, shoe 
leather, etc. or to cut it from a fabric 
in which it is embedded (Fig. 208). 

In using the crust method, cer- 
tain precautions are necessary^: cells 
known to be highly sensitive must be 
used, the cover glass must be manipu- 
lated to break up rouleaux in order to 
distinguish pseudoagglutination from 
true isoagglutination, and cells of 
group O must be used as a control 
against ’ aggregation produced by 
other nonspecific causes. 



PROCEDURE 


Fig. 208. Dislodging crusted blood from an 

axe. 


Place two small, thincrustsof blood 

on the opposite ends of a glass slide. Near the crust on the left side add one or 
two drops of a 2 per cent suspension of sensitive Ai cells; near the crust on the 
right side add one or two drops of a 2 per cent suspension of sensitive B cells. 
Place a cover glass over each of these preparations so that the liquid comes in 
contact with the edge of the crust without any air bubbles separating the 
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crust from the liquid. Place another crust on a second slide and add a 2 per OM 
suspension of O cells. A cover glass b placed amilarly over thb preparaticm. 

After a few minutes examine the preparations under a imcroscope at 
medium-power (50-100X) for signs of a^lutination (F^. 209). While mal^ 
these observations the cover sUps may be momentarily subjected to gcnde 
pressure in order to break up any pseudoagglutination formations. If no results 
are obtained the observations are made from time to time for about 30 minutes 
?Ti orH(»r tn missinfiT weak reactions. 
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(a) 

Kk 209. Micmscopic view (lOOX) of agglotinatioii by ibe ^ ^ 

ra^e on the left b the crust; the free cells are on die right; (b) the ceUs in the proocM 

o£ agglntiiiatioiu 

No isoa^lutination b possible with O cells, so that i£ a p^twe result is 
observed it indicates that a nonspecific reaction b takmg place. In this^ 

not possible to di llere^i ^ ^ 

A or B ceUs and those attributable to true isoagglutma&on. 

The agglutinins which are found to be present m the sta^ are used to 
determine^e possible groups to which the stain could or could not have be- 

iLiorado. of d.e .ggludain f.«». I. ^ 

rioned that it b possible to have only one of the two agglutinins (alpha or beta) 

disappear in group O blood. 


EXTRACTION-TEST TUBE METHOD 


As aa al^raadve procedaat „ a,he. «. blood ^ aa. a.^a^ 
mbs mothod may be osod to determine the agglotmms ptment m the blood 

dm smi. h o. a mlid objecd sorb as a ^ of 

blood is removed by placing drops of salme solution on the smmed men. Alter 
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several minutes the blood will have dissolved, the solution being picked up 

with a pipette. t ^ 

If the stain is on cloth, a portion* of it is cut out, placed in a test tube, and 

the minimum amount of saline solution that it is possible to employ is added. A 

clean glass stirring rod is used to manipulate the cloth in the saline so as to 

expedite the extraction of the blood and to obtain an extract of the deepest 

color possible. 

The extract is centrifuged to remove any debris that may have found its way 
into the blood solution during the mechanical manipulations. 

PROCEDURE 

In each of three small test tubes place ten drops of the centrifuged extract 
solution. To the first tube add one drop of known Ai cells; to the second tube 
add one drop of known B cells ; to the last tube add one drop of a known O cells. 
The concentration of the cells that is used depends upon the color of the extract 
solution and the age of the stain. If the extract is colored fairly deep red or 
cherry, 2 per cent cell suspensions are employed ; if the stain is old or the extract 
obtained is light cherry or pink in color, 0.5 per cent cell suspensions arc 

employed. 

The three tubes are placed in the refrigerator for ten minutes or more, after 
which they are removed and centrifuged for at least two minutes at 1500 to 
2000 rpm. The supernatant liquid of the tube containing the Ai cells is then 
poured off and the results determined by adding one drop of saline solution to 
the tube, after which it is shaken very gently. The supernatant liquids in the 
tubes containing the B cells, and the O cells, arc likewise poured off; one drop 
of saline is added to each and the tubes are shaken very gently. If the corpuscles 
are resuspended (as they should be if no nonspecific agglutination has occurred) 
the test is negative. If the cells have formed clumps that resist breaking up, 
agglutination has taken place. 

A diagrammatic representation of the results possible in each of the three 
tubes (Ai, B, O) is shown in Fig. 210; they may be summarized as follows: 

APPEARANCE AFTER CENTRIFUGING 

Tube 1. Cells are on bottom of tube as a sediment, and supernatant liquid has 
been poured off. 

POSSIBLE APPEARANCE OF CELLS IN TUBE 1 AFTER ADDING ONE DROP OF SALINE 
AND SHAKING VERY GENTLY! 

Tube 2. Cells are resuspended and the liquid is evenly colored. This is a nega- 
tive (— ) reaction. 

Tube 3. Sediment breaks up quite readily but the result is not the same as a 
clearly negative reaction. This is a very weak (trace) borderline reaction. 
Such a result is possible if the deterioration of the agglutinin(s) has begun, 
but has not been completed at the time of the test; it may also indicate 
a nonspecific reaction. 

* If a limited quantity is available, the whole stained area may have to be used. 
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Determination of the Agglutinogen Factors in Dried Blood 

Red blood cells, upon drying, lose their agglutinability owing to the destruc- 
tion of the free, intact cells as such after drying. A direct test, therefore, can not 
be made for agglutinogens in dried blood stains. However, the group specific 
substances retain for long periods their ability to specifically “absorli” or “lu- 
up” their respective agglutinins, alpha and beta. Thus, if a serum ol known 
titer strength is added to an unknown blood stain and if, on retesting, its power 
to agglutinate has been inhibited or lost, then it may be concluded that the cor- 
responding agglutinogen factor was present. Of course suitable precautions and 
elaborate controls must be employed to exclude possible errors resulting from 

nonspecific reactions. 

REAGENTS REQUIRED 

KNOWN CELLS 

Saline suspensions of fresh Aj cells (2 per cent concentration) and B cells 
(2 per cent concentration) are required. These cells are necessary for retesting 
the anti-A and anti-B sera after the unknown stain, substrate and control stains 
have had an opportunity to absorb the agglutinins. 

KNOWN SERA 

Anti-A serum and anti-B scrum are required. The titer of the sera should be 
about 10 to 15 (see sec. 4). It is better to obtain a high titer (ca. 150) serum and 
to dilute it with saline solution so that its adjusted titer is 10 to 15 rather than 
to use undiluted serum of which the titer is 10 to 15 originally. 

Titer determinations must be made by the same procedure as that which is 
used in the tests below. For the purpose of determining the group specific sub- 
stance present in a dried stain, a serum with a satisfactory titer (10 to 15) will 
agglutinate the known cells (using an open-slide method) in about 5 minutes. 

CONTROLS REQUIRED 

Known blood of groups O, Ai and A 2 , and B that have been allowed to dry 
at room temperature on a clean fabric, are used as control stains. These stains 
may be prepared as needed; they may then be kept for approximately two 
months if stored at room temperature. 

The group O stain is used to demonstrate that the reagents are agglutinated 
under the conditions of the test if no antigen, i.e., group substance, is present to 
absorb or inhibit the activity of the anti-A and anti-B sera. The other groups are 
necessary to demonstrate that each serum is absorbed when the respective 
antigens are present. 

The substrate or unstained part of the material bearing the stain (fabric, 
wood, linoleum, paper, etc.) must also be examined to show that no group 
substance (owing to sweat, saliva, urine, etc.) is present. The unstained portion 
selected for testing should be quite close to the area where the stain was found. 
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PROCEDURE 

Arrano-e twelve small test tubes, each with a capacity of about 2 ml, in nvo 
rows of six each. In the first tube in each row place a piece of the stained cloth,* 
the size of ^vhich is about 1 cm square. In the second tube in each row place an 
unstained portion of the fabric (the substrate), the size again being approxi- 
mately 1 cm square. In the remaining tubes in each row place, respectb ely, 
pieces of fabric stained with blood of known group O (3rd set of tubes), Ai 
(4th set of tubes), A-: (5th set of tubes), B (6th set of tubes'), each piece being 

about 1 cm square in size. 

Anti-A serum is added to each tube in the top row and anii-B serum is 
added to each tube in the bottom row. The amount of serum that is added to 
each tube should be the minimum amount possible. That is, considering the 
nature of the substrate (cloth, paper, relative porosity, etc.) sufficient serum is 
added so that when the absorption has taken place at least one drop, perhaps 

two drops, of the serum will be available for retesting. 

After the sera have been added to the test tubes, stoppers are inserted and 
the tubes are then placed in a refrigerator over night or for 24 hours. They are 
then removed and the sera, which should now be fairly deep red or brown m 
color owing to the blood dissolved from the stain, are picked up separately. 
clean, fresh pipette must be used for each tube. If necessary the sera may be 

centrifuged to remove anv debris that may have accumulated. 

One'drop of serum from the first tube of the top roiv is placed in the first 

space of a well slide; next, a drop of serum from the second mbe of the top row 
is placed in the second space of a well slide. This procedure is repeated for each 
of the remaining four tubes of the top row and then again for the six mbes m the 
bottom row, the relative order of the various sera being maintained at all tunes. 

To the drop of absorbed anti -A serum in each of the wells compnsmg the 
top row add one drop of a 2 per cent suspension of known A; cells^ This pro- 
cedure is repeated, using, however, a 2 per cent suspension of known B cells, with 
he anti-B sera in the wells of the bottom row. The slides are then rotated or 
locked <^entlv for about five minutes. Rotators which are both suitable and 
cons-enient for this operation are available commerciaUy. In addition, they 

make for reproducible results. _ _ , • , i * c.^ 

The results may be determined sdsually, but it is advisable to confirm ffie 

findings bv further examination under the low-power microscope (ca. aOX). 

This precaution permits more accurate diagnosis of weak trace, and ^egame 

agglufinations. The results that must be obtained with the control s«ms th 

four possible results that may be obtained with the unknown stam, and theu 

interpretation are summarized in Table 21. A diagrammatic 

the rLlts that it is possible to observe under the microscope m the isell slides 

is shown in Fig. 211. 

• If the stain is on a solid object such as a hammer or^, scraf^ off the blood and 
^wder It about 5 mg of powdered blood m the first tube m each row. 
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Ke. 21L DiasrammaHc representation of resnlts possible in the slide 
blood. 




ethod of groopsng 


used 


(— ) A negative reaction. The cells are more or less evenly dispersed when 
viewed immediately after rocking the slide; on standing the cells settle out, 
accumulating somewhat in the center of the field but remaining distinctly 
separate. By gently rotating and moving the slide for a few seconds, the cells 
a g am are uniformly suspended. 

(zfc) A very weak borderline reaction. There are some signs of clumping 
whi^ however, are not very definite. There are many finecly dispersed cells 
present in the field. On standing, the few large aggregates which were observed 
may ditint^rate. The cells are dispersed somewhat unevenly, but there arc 
no definite clumps. By comparison with the controls, in which more clear-cut 
reactions should be obtained if the results are to be useful, it may be possible 
to interpret this as a positive (trace) or negative reaction. 

(+) A positive reaction. The ceils are clumped in small, but well-defined, 
aggregates. A small proportion of cells, however, remains freely suspended. 

(-f +) A positive reaction. The cells are well clumped in fairly large aggre- 
gates. A few of the cells may remain suspended. 

(+++) A positive reaction. The cells are almost completely clumped into 
a few large aggregates. Practically all of the cells are involved. 
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TABLE 2 1. Summary and Interpretation of the Almrption Tests for Agglulinogeiis 



BLOOD 


421 


9. SOURCES OF ERROR IN INTERPRETATION OF GROUPING 
RESULTS IN DRIED BLOOD STAINS 

Equally as important as the technique used in grouping dried blood stains 
is the interpretation of the results obtained. Many errors are possible. Sorne 
pitfalls to be avoided in the interpretation of the varied experimental results 
that can be obtained are listed below. The lettered paragraphs apply to the 
parenthetical references in Table 21. 

(a) If the preliminary test to determine if the titer of the serum is satis- 
factory, a ( + + +) or (++) reaction is obtained (against the known cells 
which are to be used in retesting the scrum after absorption) and if in the actual 
test the substrate control gives only a ( + ) or (dr) reaction, then something 
containing the group substance (sweat, saliva, urine, etc.) is present, and the 
activity of the serum has been inhibited. Under these circumstances it is not 
advisable to base any conclusions concerning the group of the stain on the 
results of the absorption test. If possible another part of the substrate, taken 
from an area closer to the stain, should be examined to determine if the inter- 
fering material is localized or is to be found all over. 

(b) If in the preliminary test to determine if the titer of the serum is satis- 
factory, a (+ + +) or a (++) reaction is obtained (against the known cells 
which are to be used in retesting the serum after absorption) and if, in the actual 
test after the serum has been absorbed by a known or unknown stain, a (=b) re- 
sult is obtained, it indicates that the group specific substance has reduced the 

reactivity of the serum. 

There are three possible explanations : (1) the stain is old or has been exposed 
to conditions unfavorable for the preservation of the group substance, (2) the 
amount of blood in the stain was insufficient in quantity, (3) the serum used was 
of too high a titer. In the case of the controls, the first two reasons may be 
eliminated by using freshly prepared, adequate samples. The last possibility may 
be eliminated by performing another test on another portion of the stain, using 
serum of lower titer (i.e., by diluting the serum originally used with an equal 
volume of saline) , See (e) below. 

Clear-cut negative reactions are required in the controls if the group of a 
stain is to be based on the absorption test. 

(c) If the substrate, known O, and the corresponding known stain in the 
controls give (-f + 4-) or (++) results, a (dz) result with the unknown indi- 
cates that the reactivity of the serum has been inhibited. This reduction in titer 
is attributable to a group specific substance present in the unknown stain. 

(d) It must be kept in mind that with an unknown stain a positive result 
may be obtained owing to the disappearance of the group factor because of age, 
exposure to undesirable physical conditions, etc. An insufficient quantity ol 
stained material may also account for these results. Identification of an unknown 
stain as O by the absorption method then is provisional. Group O stains may 
be identified absolutely by testing for and finding both agglutinins present in 
the stain (see Table 20). 
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(e) The Aa factor is considerably weaker than the Ai, therefore a (±) re- 
action or a marked reduction in the titer of the anti-A serum [say from a 

to a (-[-)] indicates that only a partial removal of alpha agglutinin 
was achieved. Retesting the stain \vith serum of lower titer will be useful in 
confirming the Aa diagnosis. See (b3) aboNe. 

Thus in the grouping of dried stains, to a degree far greater than elsewhere 
in forensic blood tests, technique, experience, and the condition of the stain 
(exposure to elements, age, amount, and where found) are of paramount 
importance. The absence of group specific factors in the stain does not neces- 
sarily mean that the blood is that of group O. In particular, the possibility of 
its being an Ao must be considered. Similarly, if a stain is found to contain the 
B factor, consideration must also be given to the possibUity of its bemg an A 2 B 

group. 


EXERaSES 

In order to become sufficiently acquainted the se^tivity of the vario^che^l 

A in th#- nreliminarv tests the substances which give fake-posiuve results, and 

tests can also be investigated simultaneously: 

Ortho-ToUdin Test ^The reagent is prepared as foUots-s; Add 1 § 
to 25 ml of glacial acetic acid. A few drops of 3 per cent hydrogen perci^e are added to 
2-3 ml of this solution; when this is added to a salme solution of blood a blue color 

‘'"taL Test - The reagent is prepared as folio..: Dissolve 0.5 g of guaiac resin in 

"in ml r»f OS ner cent ethvl alcohol. Filter if necessary. 

When this reagent is added to a saline solution of blood and a few ^ps of 

•A a blue color results. The solution to be tested must be slightly 

S?- »c(nc acid U u»J to acidify if n=c«sary - siocc the bloc color does 
not develop in an „ foUon,; Dissolve 0.5 g of leneo- 

t nt,. d.rh gteenish-hme 

develops;^ mendoned above. Collect in separate test tubes 

1. Prepare each of the rea,e secretion, mucus, spumrn, 

as many of the foUowing ^ vegetable juice, horseradish, laundry bleach, 

saliva, pus, red wine, white wme, J > blood, hemolyzed blood (pre- 

soap, milk, perspiration, potato, pota o , ^ oDacit\' disappears). Test each of 

pared by diluting ordinary blood .nth Se^g substances for 

Le substances .5th each of the r^^ents. be tested for 

each reagent. Repeat the tests the%eagents .\re the results the same as before? 

about 1^20 X blood vars-ing in ddution from 1 part 

2. Prepare a senes of tes ^ 

in 1000 parts of saline to 1 part in ^ 2 ml of these solutions .nth the 

ordinary water instead of salme - d ^ents? 
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Does the hemolyzed or laked blood differ u-ith respect to sensitivity from the blood 
diluted with saline solution? 

3. Stain four pieces (each about 3 inches square) of old clothing with blood. Dry 
one at room temperature; another in a drying oven; expose another to strong sunlight 
for two days; wash the blood out of the remaining piece. Using the reagents examine 
each piece of cloth for blood. Do the physical conditions to which an alleged blood stain 
was exposed affect the results of the chemical tests? Save these clothing pieces for the 

precipitin tests. 

In order to become acquainted with the precipitin test, the follo%ving exercises are sug- 
gested: 

4. The student should stain several old articles of clothing with human blood. 
.After they have dried at room temperature for several hours extract the blood with 
saline. Dilutions of 1:1000 should be made. Perform the precipitin test, following the 

procedure outlined in sec. 4. 

If only tube no. 4 in Table 17 gives a positive reaction, what conclusion may be 
drawn? Suppose no tube gives a positive result, what conclusion may be drawn? If tube 
no. 1 (or 2, 3, 5) in Table 17 gave a positive test what conclusion may be drawn? 

5. As an additional study, the student should investigate the effect on the pre- 
cipitin test for human blood after the stains have been (a) washed with cold water, or 
(b) ^^ith soap, or (c) boiled with water. The effect of age, exposure to sunlight, and 
artificial heat (oven) may also be investigated. The materials used in exercise 3 can be 

used. 

6. Stains found on leather are troublesome, and it would be profitable to make 
tests on stains placed on leather. Care must be exercised in adjusting the reaction pH 
of the extract. 

A similar difficulty is sometimes found in earth stains. Here any lime which is 
present uill interfere unless it is removed by precipitation with carbon dioxide and the 
precipitate removed by filtration or centrifugation. 

In order to group dried blood stains successfully, considerable practice is required. The 
following exercises will assist the student to master the various techniques required: 

7. Have a member of the laboratory clean your ear lobe and a blood lancet (or 
needle) with alcohol. Prick the dry lobe with the dry lancet (or needle) and obtain a 
few drops of blood by exerting gentle pressure on the lobe. Draw the blood into a capil- 
lar)- pipette (equipped with a rubber bulb for suction); dilute it according to the direc- 
tions given in sec. 7. Using kno^\'n anti-A and anti-B sera, group your blood. 

8. Repeat exercise 7, using if possible, persons who are always available and who 
are willing to volunteer. Keep a record of your results since you may wish to call upon 
these people to assist in the work of the laboratory by occasionally offering their blood 
for grouping purposes. In particular, a record of persons with blood of group B should 
be maintained. 

9. Using weak anti-A serum (made so by dilution, if necessary) test simultaneously 
20 to 25 bloods of group A. Those bloods which are found to give a weak reaction prob- 
ably have the Aj subgroup characteristic, whereas those that give strong reactions 
probably are of the Ai subgroup. This hypothesis may be confirmed as follows: Using an 
anti-A serum that gives reasonably strong reactions with the suspected A2 cells, mix 2 ml 
of the anti-A serum with ^ to | ml of packed (suspected) A3 cells which have been thrice 
washed. Allow this mixture to stand at room temperature for ^ hour. Centrifuge the 
mixture and remove the supernatant liquid. This serum, i.e., the supernatant, will 
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usually agglutinate the suspected Ai cells but will not agglutinate the suspected A, cells. 

If, however, the As cells are agglutinated the procedure above is repeated, using the 
absorbed serum and a smaller volume of suspected A* cells. In this manner it is possible 
to divide group A blood into subgroup Ai or A*. Keep a record of persons with each of 
these subgroups since known samples of blood with these subgroup characteristics are 

required for the examination of dried stains. 

10 Using blood of the various groups (O, A., A„ B, A.B, A,B) prepare separate 

samples of known stains on pieces of cloth (such as old clean sheets or doAing). 

generous in preparing these specimens so that crusts wiU form and be available for the 

agglutinin tests. Label each sample only by number. Keep a record in your laboratory 

nSebook of the group of the blood and the number assigned to in Put tW sp^imens 

away for nvo da>-s or so until you have forgotten the groups and numbers. Use these 

Dreoarations as your unknowns. ..tv . j * 

Examine the unknown specimens for their agglutinins by both the cn^t and extr^- 

tion-test tube methods. Repeat your tests tsvice. Compare your results with your chords 

which identify the group of the stain. Repeat the tests until you are consistendy able to 

detect the agglutinin present in each stain. » o • 

Examinfthe unknown specimens above for their group specific substances. Rep^t 

vour "*e. Compare you, .yute wi* your roeor* shoumj uha. .ho group of .h. 

substances present in each stain. • in 

11 After the unknoum stains are tsvo weeks old, repeat experimen 0. 

1 2 .After the unknown stains are four weeks old, repeat experiment . 

13 \fter the unknown stains are six weeks old, repeat experiment 1 . 

4 ‘After the unknown stains are eight weeks old, repeat experiment 0. 

15 ‘ARer the unknown stains are ttvelve weeks old, repeat experunent IR 

1 6 After the unknown stains are twenty weeks old, repeat experiment 10. 

Can any conclusions be drawn concerning the age of the blood stain and 

of sucTeT^be expected in grouping tests? Do the aggluunins or the group specific 

substances disappear first? 
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CHAPTER 32 


SEMEIS EXAMINATIONS 


1. GENERAL 

In sex crimes — particularly in rape cases — the laboratory is asked to 

examine stains, usually on the female's clothing, for evidence of human seminal 

fluid. In those cases where actual penetration \va5 not accomplished, indications 

of violence and other conditions of significance to a medical examiner may be 

absent, so that laboratory semen tests become of critical importance to the 
# 

investigation. 

The descriptions of the method of semen examinations found m some 
forensic medical texts belie the real difficulties tvhich are frequently encountered 
in this ^^•ork. These difficulties are due in part to the variety of stains which are 
found on the ordinary undersarment, bedsheet. etc., submitted for examination. 
There are many possible sources of such stains: blood, iron rusn fecal matter, 
urine, and semen are the most common. The procedure described below at- 
tempts to resolve the difficulties somewhat by providing a systematized method 

of examination. . 

The first procedure to be studied deals with the relatively rare case m which 

the alleged seminal fluid is submitted to the laboratory for examination belore 

sufficient time has elapsed for drving. The other procedure, ^^■hlch is the one 

most commonlv required, applies to stains that have dried before the examina- 

tion is undertaken. 


2, WET SPECIMENS 

Freffi undried seminal fluid has a characteristic alkaline odor which should 
be noticeable if the fluid is of seminal origin. The procedure for the exammation 
of moist stains is relativelv simple. To prepare the specimen, a drop oj ffie sus- 
pected fluid is placed on a glass slide, a drop of dtstflled water added and a 
cover -la^s is placed over the preparation. A microscopic examination is made 
usincr ; 43X or 60X objective and a lOX ocular, to detect the presence 
spermatozoa isee Fig. 212). It is frequently necessary- to stain the preparatio 
in order to locate the spermatozoa. Identification of a spermatozoon is. 

present, the only specific test for semen.^ 
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3. STAINING OF SPERMATOZOA 

Spermatozoa may be stained with several solutions: 

Giemsa’s Stain 

The constituents of this stain are : 


Aziir II eosin 

3g 

Azur II 

0.8 g 

Glycerin (C.P.) 

125 g 

Methyl alcohol (C.P.) 

375 g 


The methyl alcohol and glycerin are mixed and heated to 60 C; both dyes 
are added at this point with stirring or shaking until they are in solution. This 
is permitted to cool and after a day any sediment which has precipitated is 
removed by filtration. One drop of this stock solution in 1 ml of water is used 

as the staining solution. 

It is convenient to purchase this stain firom a commercial supply house 
rather than to prepare it in the laboratory. 

Loeffler’s Methylene Blue 

This stain is prepared by adding 3 ml of a saturated alcoholic solution of 
methylene blue to 10 ml of an aqueous potassium hydroxide solution (1 part 
KOH to 10,000 parts water). 

Carbol Fuchsin 

This stain is prepared by adding 9 ml of a 5 per cent aqueous solution of 
phenol (carbolic acid) to 1 ml of a saturated alcoholic solution of fuchsin. This 
is a stock solution which must be diluted 1 part to 5 parts of water. 


Procedure 

The preparation on the slide is permitted to dry under a beaker at room 
temperature, or the drying may be hastened by passing the slide through a 
rnliimn of hot air arising from a Bunsen flame. The spermatozoa are fixed on 
the glass by quickly passing the slide through a low Bunsen flame three or four 
times or by standing the slide in (70-80 per cent) methyl or ethyl alcohol for 
five minutes. The slide is then immersed from one to ten minutes in one of the 
s tains mentioned above. Excess stain is washed off with a gentle stream of dis- 
tilled water firom a wash bottle. The preparation is then dehydrated by im- 
mersing the slide in absolute ethyl or methyl alcohol for three minutes. Following 
this the preparation is cleared ; i.e., the opacity that is noticeable in the specimen 
following the dehydration process is removed, by placing the slide in xylol for 
a minute or so. A cover slip is placed in position and the slide is examined by 
means of a microscope at a magnification of 440X (44X objective) or 630X 
(63X objective). It should be noticed that the rear part of the head of a sperma- 
tozoon is, characteristically, more deeply stained (especially with Giemsa’s 
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stain) than the front part of the head or the tail, which frequently do not stain 

at all fFig. 212). 



Fig. 212. Photomicrograph of stained sper- 
matozoa (ca. 600X). 


4. IDENTIFICATION OF 
SPERMATOZOA 

The appearance of a sperma- 
tozoon is characteristic, consisting of 
a head, neck, body, and tail or fla- 
gellum. The head and tail only are 
visible unless the necessary resolution 
is obtained by the use of a high -power 
objective. The head has an egg-shaped 
(ovoid) appearance when viewed flat, 
but if seen in profile it appears pear- 
shaped (p^Tiform). The length of 
human spermatozoa varies, being in 
the region of 50 to 70 microns; the 
head is about ^ of the total length 
and is therefore much shorter than 

the tail. 

In the opinion of some cytologists 
the differential staining of the head 


and the recognition ot its morphological characteristics are sufficient to identify a 
“ermatozoon even though no tail is appended. It is tradttton^. hotter 

complete spermatozoon, intact srith head and tail, before a stain may be said 
concffisively to be of seminal origin. Inasmuch as this historical requirement of 
an intact spermatozoon is based upon the possibility ot contusing certain spores 
for The head and fibrils or certain bacieria for the tail, the use of the electron 
microscope su--ests a means of resolving these difficulties. Some prehmman 
rn”ons 'not precisely from a criminalistic point ot view, have ^ady 

been undertaken.' 


5. DRIED SPECIMENS 
Color and Stiffness Tests 

The first phase “f/^e processing of^afebriejmffi^^^^^ “““ hich 

rre-TTTTroTsZTlTffid^hTTenseoftouchisa^^^ 

:re:T:::t):rtffis“TZrz- the omy due » the possible 

Inration of the semen. 


Ultraviolet Light 

Inspection of the 
revcalint^ the location 


erial under ultraviolet light is sometimes useful in 
seminal stains because of their fluorescent qualities. 
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However the value of these radiations of short wave length has been over- 
estimated by many writers. To the best knowledge of the authors, ultraviole 
light has never been found to be the only means by which it was possible o 
locate seminal stains when at the same time the other approaches fai e 
reveal any useful information. Furthermore, the various fluorescent chemicals 
left on fabrics after several launderings also tend to confuse the task of isolating 
possible seminal stains. The chief value of an ultraviolet examination lies in 

limiting the search to a few areas. 


Procedure 

Following the physical examination it is possible that several areas may have 
been found which appear likely to contain seminal fluid. It is advisable to select 
mo or three of the most likely (experience helps here) for the following process- 
ing. These instructions apply to the handling of one stained area and obviously 
should be duplicated for the other suspected stains selected for examination. 

The suspected area is cut out of the garment; this is placed in a test tube and 
sufficient distilled water is added to cover the cloth. The contents of the tube 
are shaken for 5 to 10 minutes; the cloth is removed and as much fluid as possible 
is expressed from the cloth. This fluid is added to the fluid in the test tube which 
is then centrifuged for 5 minutes at 1200 to 1250 rpm. Three-quarters of the 
supernatant fluid is decanted; the tube is shaken, causing the residue to be 
resuspended in the remaining fluid. A drop of this suspension is put on a slide, 
covered with a cover slip and examined microscopically. Another drop of the 
suspension is put on another slide; this is dried at room temperature or by 
passing the slide to and fro in the column of hot air arising from a Bunsen 
burner. This preparation is then fixed and stained in the manner described in 

section 3. 

The following alternative method is preferred by some laboratory workers 
to the centrifuge technique described above : 

(a) Cut out the stained area — if large, cut out a portion about the size of 
a nickel — and place on a watch glass, with the stained side down. 

(b) Add distilled water dropwise until the stained area is thoroughly 
moistened. (Water is used to separate the constituents of the seminal 
matter from the fabric.) 

(c) Place a small beaker over the watch glass to exclude dust and to prevent 
excessive evaporation of the solvent. Allow one-half hour for extraction 
if the stain is of recent origin, and three or more hours if it is several 
weeks old. During this time the stain must be kept moistened. 

(d) After the necessary time has elapsed the moistened fabric is picked up 
with tweezers. It is then touched to several clean microscopic glass 
slides. These may be allowed to dry at room temperature (protected 
from dust) or they may be dried by slowly passing the slide back and 
forth in the column of hot air arising from a Bunsen burner. 

(e) Select the last slide prepared and make a Florence test (section 6). 
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(f) Place cover glasses on the other slides and examine them under the 
microscope (60X objective). Of course the first slide examined %vill be 
that upon which the fabric was treated with water. The slides may be 
stained in order to facilitate the location and identification of any 
spermatozoa which might be present. 

As in the case of wet stains, identification of a spermatozoon is at present the 
only specific test for seminal fluid. 

Greene and Burd - have developed a technique for examination of cotton 
fabrics suspected of containing seminal stains. Briefly, the procedure involves 
dissolving the fibers of cotton in a cuprammonium solution. Safranin is then 
used to stain the spermatozoa. The results obtained in attempts to extend the 
technique to include fabrics other than cotton were not promising. 

Dried Stains on Nonabsorbent Surfaces 

If the stain is on a nonabsorbent surface, the seminal fluid may appear m 
the form of a crust. In this case it is better to remove a fragment with a scalpel, 
place it on a glass slide, add a drop of distilled water, and examine the prepara- 
tion under the microscope. If no spermatozoa are observed immediately, let 
the fragment steep in the water for several hours, taking precautions to prevent 
rapid evaporation. Stain the preparation accordmg to the directions given m 

section 3 and again examine the slide. 


6. THE FLORENCE REACTION ^ 

In deference to tradition this test is included in the present treatment. The 
Florence test depends upon a reaction which sometimes takes place when 
seminal fluid is present. The test, since it is not specific, is no substitute for 
actual observation of a spermatozoon. It is in an indirect way to some extent 
confirmatory. No absolute conclusion can be reached from either a positive or 
negative result. The following are the conclusions which may be drawn: 

Positive Reaction 

A posslbUitv of ihe pro^nce of seminal fluid. Since other substances tn the 
body also produce similar crystals with the reagent, the condos, on can be no 
more specific than this. In general, however, there ,s a good 

positive results in the Florence test and subsequent microscopical idenoficaaon 

of spermatozoa in the stain. 

Negative Reaction 

No conclusions. Interfering substances can prevent 
nothing definite may be said. Again, however, there ts > 
positive Florence reaction, no finding of spermatoaoa under *e “‘““P' 

We see, then, that it is possible to have > A- 

fluid is no. present and a negative reaction when ' 

the reader has by this time concluded, the test u of limited value. 
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The composition of the Florence reagent 

Pntacsiiim iodide 


Distilled water 
Iodine 


is as follows: 

1.7 g 

30 ml 
2.5 g 


In order to perform the test a portion of the extract is dried on a glass slide and 
a cover slip added. A drop or two of the Florence reagent is allowed to run 
under the cover slip and the preparation is observed with a medium-power 
(lOOX) microscope for the characteristic brown rhombic crystals which usually 
form if the stain contains seminal fluid. The reaction is thought to be the 
result of the choline present in seminal fluid reacting with the iodine-iodide 
complex to form a periodide of choline. 


EXERCISES 

1. Obtain a supply of semen from the medical examiner, coroner or other source. 
Place a semen stain on several types of fabrics such as muslin or percale sheeting material, 
silk or rayon undergarment material, etc. Stretch the cloth over a small box or beaker. 
Examine the fabrics employing the technique outlined for dried seminal stains. 

2. One of the fabrics on which semen was placed should be rolled and otherwise 
mishandled by folding, etc. before the laboratory processing is begun. Record any 
difficulties which arise in connection with the latter examination. As a result of your 
findings draw up a paragraph of instructions for detectives to observe when handling 
fabric material which is to be delivered to the laboratory for a semen examination. 

TEXT REFERENCES 

1. Seymour, F. I., and Benmasche, M., “Magnification of Spermatozoa By Means of 
the Electron Microscope,’’ J. Am. Med. Assoc., 116, 2489-2490 (1940). 

2. Greene, R. S., and Burd, D. Q., “Seminal Stain Examination; A Reagent for De- 
struction of Supp>orting Fabric,” J. Crim. Law and Crim., 37, 325-328 (1946). 

3. Forbes, G., “The Scope and Fallacies of the Florence Reaction for Seminal Stains,” 
Pol.J. (Brit.), 13, 162-171 (1940). 

GENERAL REFERENCES 

Beroud, G., Precis de criminologie et de police scientifique, Payot, Paris, 1938, pp. 110-113. 
Glaister, J., and Glaister, J., Medical Jurisprudence and Toxicology, 5th ed., Livingstone, 

Edinburgh, 1931, pp. 537-543. 

Gonzales, T. A., Vance, M., and Helpem, H. S., Legal Medicine and Toxicology, Appleton- 

Century, New York, 1937, pp. 367-370. 

Kaye, S., “Identification of Seminal Stains,” J. Crim. Law and Crim., 38, 79-83 (1947). 
Locard, E., Manuel de technique policihe, 3rd ed., Payot, Paris, 1939, pp. 121-125. 
McNally, W. D., Toxicology, Industrial Medicine, Chicago, 1937, pp. 960-967. 

Poliak, O. J., “Semen and Seminal Stains; Review of Methods Used in Medicolegal 
Investigations,” Arch. Path., 35, 140-196 (1943). 

“Postmortem Examination in Cases of Suspected Rape,” Am. 7. Clin. Path.^ 13, 

309-314 (1943). 

Smith, S., Forensic Medicine, 6th ed., Churchill, London, 1938, pp. 297-301. 

Shore, W. T., Crime and Its Detection, Gresham, London, 1931, Vol. I, pp. 110-113. 
Thomas, J. C., “The Examination of Blood and Seminal Stains,” Pol. J. (Brit.), 10, 
490-503 (1937). 



CHAPTER 33 


NARCOTICS 


Whenever 
necessary tc 


purposes 


alkaloids which 


1 &li 1 1 


seeds 


resin extracted from any part of such plant. Any or all compounds, salts, prep- 
aradons, mixtures, manufactures, or derivatives obtained tom the raw mataial 
or from their various alkzJoids are also defined as narcotics, except derivatives 
of coca leaves which do not contain ecognine, cocaine, or any substance tom 

which they may be synthesized or made. 

The required analyses may be made in the police laboratory by a cbessmt. 

The number and types of narcotics which he is usually called upon to identify 

are perhaps best illustrated by the following list, which represents an averse 


Hcroai 

416 

Opium 

198 

Cannabis Indica 

199 

Morphine 

40 

God^e 

5 

Coemne 

5 

Others 

1 

Total 

864 

Narcotics not present 

21 


Recently a new synthetic drug caUed Dem^ol has been placed on the rnaito. 
It, too, has been declared to be a narcotic by many governments; conseq^y 

sionally. therefore, it b submitted to the laboratory for 

i. d.e various ■^Th. 

is toouuicd lo tadicata precadure that sriB ba most uaM m 1“^ 
laboratory tahara iutarest is centared mamly m tte analysis “fa 
(usuaU^vrhita powdat) for tha prasanaa of ona of tha nataoocs bstad abl 
' 432 
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1. GENERAL CHEMISTRY 

The term alkaloid (which means like an alkali) is given to a group of com- 
pounds obtained mainly from plant and occasionally from animal sources. They 
have relatively complex organic structures, are usually white powders, have 
marked physiological activites, and all contain nitrogen. Many of the alkaloids 
have been synthesized and are used in medicine. They are usually sparingly 
soluble in water, but quite soluble in organic solvents. They are rendered water- 
soluble by salt formation, i.e., as the sulfate, hydrochloride, etc. In the natural 
state they occur bound to organic acids; for example the opium alkaloids 

morphine and codeine are combined with meconic acid. 

Alkaloids form precipkates with many substances. Three of the most useful 
precipitants or alkaloidal reagents are: (1) Wagner’s solution iodine dissolved 
in potassium iodide solution; (2) Sonnenschein’s solution — phosphomolybdic 
acid; (3) Mayer’s solution — potassium mercuric iodide. Many other reagents 
are also available; picric and tannic acids, gold, mercuric, and platinum chlo- 
rides, heteropoly acids (phosphotungstic, etc.), complex salts (potassium 
cadmium iodide, sodium nitroprusside, etc.). None of these reagents, however, 
precipitates all of the alkaloids. Strong bases, such as sodium hydroxide, precipi- 
tate practically all the alkaloids with the exception of those with phenolic groups 
such as morphine; ammonium hydroxide precipitates even the phenolic type. 

Qualitative analysis of alkaloids is based on empirical color tests and micro- 
scopic examinations of the crystals formed with an alkaloidal reagent. The color 
tests are conveniently performed on a spot plate. The color changes that take 
place depend upon the amount of alkaloid and, in general, are best observed 
when a very small amount is used. A suitable quantity of solid may be obtained 
in a well of a spot plate from the evaporation of a drop or two of a dilute solution 
of the alkaloid in a volatile solvent. For certain color tests it is necessary to heat 
the reactants or to employ a relatively large volume of reagents. Under these 
circumstances the tests are performed in test tubes. 

Microcrystalline Precipitates 

For most alkaloids there are a few reagents which yield suitable crystalline 
precipitates that are highly characteristic. By a microscopic examination of 
these crystals it is possible to identify the various alkaloids specifically. The 
procedure employed in the preparation of these crystals is as follows: 

A small portion (0.2-0. 5 mg) of the purified alkaloid is placed on a glass 
slide and dissolved in a drop of 0.1 jV hydrochloric acid, A drop of the reagent 
is then added and, without stirring or using a cover glass, the results are ex- 
amined immediately with a microscope using medium power (lOOX). The 
crystals may form at once or after a short interval, although it is not uncommon, 
particularly if one is unfamiliar with the technique, to obtain precipitates that 
fail to crystallize. For this reason it is important that the directions be followed 
explicidy and the reagents prepared as directed; otherwise different types of 
crystals may be obtained. 
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2. ADULTERATIONS 

When a narcotic arrest is made, the arresting ofiBcer firequently is able to 
ascertain the alleged nature of the drug. At the time the sample is delivered to 
the laboratory, the arresting officer should be interrogated on this point and 
the “request for analysis” form (see p. 5) should have a space provided for him 
to indicate the nature of the sample, i.e., the narcotic allied to be present. 

Various adulterants are commonly employed by the seller to add bulk and 
inciccise the weight of the sample, thereby adding considerably to the profit. 
Some substances reported as having been used for this purpose include chall^ 
lactose and other sugars, boric acid, sand, ashes, bicarbonate of soda, mid 
various vegetable substances of a res in ous nature. Before proceeding with the 
analysis, then, it is advisable to separate the narcotic from any adulterants that 
may be present, since it is better procedure to examine a small amount of a 

pure substance than a large amount of adulterated material. 

A general procedure for separating the free alkaloid from its salte and any 

adulterants that may interfere with its subsequent identification is given in the 
following flow sheet : 



. 1 . 




tl of 


Procedure 

About 1.0 g of the unknown is powdered and mixed with 5 to 7 
organic solvent recommended for the alkaloid alleged to 

bleTaterial (residue 1) is separated by filtration and washed twicq, cad* time 
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with an additional 3 ml of solvent. The washings are added m the original 
solution the solvent is evaporated and the solid recovered (residue 2) is ept 
for test purposes. The material (residue 1) which failed to dissolve is added to 
15 ml of water. After thorough shaking any iasoluble material (filler) is removed 
by filtration, and the filtrate is tested to determine if it is acidic or basic. If 
acidic, render alkaline with dilute ammonium hydroxide; if basic, the solution 
is neutralized with dilute hydrochloric acid and then rendered just alkaline with 
dilute ammonium hydroxide. Any suspension (precipitate 1) that forms is re- 
moved, after it has settled, by suction filtration and is kept for test purposes. 
The aqueous solution is extracted directly with the recommended immiscible 
solvent; this is repeated twice and the extracts are combined. The solvent is 
removed by evaporation, and the solid recovered (residue 3) is kept for te.st 
purposes. The aqueous solution remaining contains mostly inorganic salts, some 
filler, and perhaps some alkaloidal traces. Further analysis of this fraction is 
seldom required. Residue 2, precipitate 1,* and residue 3, may be combined 
and further purified by recrystallization, using a solvent different from that used 

previously. 

If the arresting officer was misinformed concerning the nature of the nar- 
cotic, it is possible that nothing will be recovered using the procedure described 
above. In this situation the analyst is faced with an unknown substance, usually 
in the form of a powder. The next step is to determine if any alkaloid is present 

in the material. The procedure is as follows: 

Dissolve several milligrams of the unknown substance in a few milliliters of 
0.1 jV hydrochloric acid. Filter if necessary, and adjust the acidity of the filtrate 
until the solution is just neutral. To one or two milliliters of this solution add 
several drops of Wagner’s reagent. If the results are negative repeat the test with 
another milliliter of the solution but using Mayer’s reagent instead. If again 
no precipitate is formed, it may be concluded that there are no narcotics present. 
If a precipitate is formed with either of these reagents, the presence of an alkaloid 
is indicated, but it is probably present in small amounts, or perhaps mere traces 
are present. Isolation of the alkaloid under these circumstances is quite difficult, 
if not impossible, by the employment of classical procedures. 

With the discovery that certain synthetic organic materials have pronounced 
and selective absorptive properties over a wide pH range, it has become possible 
to extract cations and anions preferentially from solution by means of an ex- 
change of ions. Many excellent introductory summaries of the information 
available concerning this process of ion exchange have been published. 

Exchange adsorbents may be classified according to their adsorptive prop- 
erties, viz., cation exchangers and anion exchangers. In the selective removal of 
a cation from solution an exchange of ions takes place between the exchanger 
(NaE) and the cation (M"*"). The reaction may be depicted as follows: 

NaE + M+ ^ ME + Na+ (1) 


* Generally the predominant quantity of alkaloid is found here 
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The cation (M+) is recovered as the chloride or hydroxide (and the exchanger 
regenerated for further use) by passing an excess of sodium chloride or sodium 
hy^droxide over the exchanger (equation 1 reversed). Cation exchangers are also 

available in a hydrogen form, e.g., 

HE + M+ ME + H+ (2) 


Here regeneration of the exchanger is effected by passing an excess of acid 
(usually hydrochloric or sulfuric, ca. 1 to 7 per cent concentration) over it. 

The cation (M+) is recovered as the chloride or sulfate. 

In the case of alkaloids, the extraction is accomplished by passing an acid 
solution of the alkaloid, i.e., the acid salt of the alkaloid (AH)Cl, over a cation 


exchanger : 


HE 4- (AH)+ (AH)E + H+ 


The alkaloid is recovered by passing an aqueous alkaline solution over the 


exchanger. 


(AH)E + NH4OH ;;=± A i + NH4E + H2O 


An elution solvent such as chloroform is used to separate the free alkaloid (A) 
from the exchanger. The exchanger is then regenerated by acid. 

NHiE + HCl HE + NH4CI 

The applicability of ion exchange methods as a means of recovering aUta- 
loids has been demonstrated by Sussman'* and his coworkers. Another investiga- 
tion has shown that alkaloids which otherwise would have ten lost m *e 
mother liquor were recoverable by means of ion exclmnge For work on the 
Lie required in the police laboratory the apparatus described by Applezwerg 

“ “ pillowing the recovery of any alkaloid by ion exchange, its identity must be 

determined by more systematic procedures.» ." . Since the quannq, of materW 

rt naratus ImpLL by nteoanalysls wUl be found useful,.- Recendy an 
x-ray diffraction metbod bas ten developed tor the identification of micto 

quantities of various alkaloids.-'’ 


3. REAGENTS 

Tn the analysis of the alkaloids described below, certain reagents re- 
vL h is lecessarv to slate their composition accurately if the results obtamed 

u ^ enis used to form the characteristic microcrystalline precipitates. 
tlwIS (reagent grade) chemicals must be used in their pieparauon. 


Concentrated Acids and Bases 


Hydrochloric acid 
Sulfuric acid 
Nitric acid 

Ammonium hydroxide 


Approx, 

Sp. Gt, 
1.18 
1.84 
1.42 
0.90 


Percentage 

Comp, 

35-37 

94-98 

67-70 

27-29 
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Dilute Acids and Bases 

Dilute acids and bases are prepared as follows:* 

Hydrochloric acid 

Dilute 24 mi of concentrated HCl to 100 ml with distilled water. 

Sulfuric acid 

Dilute 6 ml of concentrated H 2 SO 4 to 100 ml with distilled water. 

Nitric acid 

Dilute 15 ml of concentrated HNO3 to 100 ml with distilled water. 

Ammonia 

Dilute 20 ml of concentrated NH4OH to 100 ml with distilled water. 

Sodium hydroxide 

Dissolve 4.3 g of sodium hydroxide in 100 ml of distilled water. 

Tenth normal hydrochloric acid 

Dilute 9.0 ml of concentrated HCl to 1000 ml with distilled water. 

Froehde’s Reagent 

Add 250 mg of sodium molybdate to 50 ml of concentrated sulfuric acid. 
It may be necessary to heat the acid gently in order to dissolve the solid. This 
solution is considered to be useful as long as it remains colorless. 

Mandelin’s Reagent 

Dissolve 250 mg of ammonium vanadate in 50 ml of cold concentrated 
sulhiric acid. The solid must be finely ground and considerable shaking may be 
necessary before complete solution takes place. 

Mairme’s Reagent 

Dissolve 5 g of cadmium iodide in 20 ml of water containing 10 g of potas- 
sium iodide and heat, if necessary; add water to make 30 ml of solution. 

Marquis’ Reagent 

Add 1 mi of 40 per cent formaldehyde solution to 20 ml of concentrated 
sulfuric acid. 

Mecke’s Reagent 

Dissolve 50 mg of selenious acid in 10 ml of concentrated sulfuric acid. 

Oliver’s Test 

A drop of dilute sulfuric acid is added to a few particles of alkaloid. A drop 
of hydrogen peroxide (3 per cent) is then added together with a small piece of 
copper wire. The solution is made alkaline with dilute ammonia. A positive test 
^^dicated by appearance of a red color that fades to brown on standing. 

’ * In diluting acids, the acid is added to the water with stirring. 
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Wagner^s Reagent 

Dissolve 2 g of potassium iodide in 5 ml of water and add 1.3 g of iodine. 
Shake the solution until the iodine has dissolved, and dilute with water to 

100 ml. 

Duqu^nois Reagent 

This reagent is prepared as follows: 

To 0.5 ml of acetaldehyde in 50 ml of ethyl alcohol add 1 g of vanillin. 
Shake the mixture until all the vanillin dissolves. 

Mercuric C3iloride 

A saturated solution of mercuric chloride is prepared by adding mercuric 
chloride to 10 ml of distilled water until no more dissolves with shaking. This 
mixture is then heated untU all the solid has dissolved. The solution is then per- 
mitted to cool to room temperature. If no solid has precipitated a few crystals 
of mercuric chloride are added to the solution. 

Chloroplatinic Acid 

One-half gram of chloroplatinic acid (HaPt ae- 6 HaO) is dissolved in 10 ml 
of water. 

Chlorauric Acid 

One -half gram of chlorauric acid (HAuCl4-4 HaO) is dissolved in 10 ml of 
water. 

Inorganic Salts 

Inorganic salts such as ferric chloride, potassium ferricyanide, sodium iodate, 
etc are generally used as 10 per cent solutions (approximately) by weight. A 
dUute solution of these reagents may be prepared by adding two volumes of 
distilled water to one volume of reagent to make (approximately) a 3 per cent 

solution. 


4. OPIUM 

Opium is obtained from the plant, Papaver somniferum L. or “sleep-bearing’ 
poppy. It varies in quality, appearance, and composition accordmg to its mode 
^preparation. Over twenty-five different alkaloids and other substances have 
been isolated from this narcotic.’.One of these substances is mecomc acid a com- 

in nannn asaociaied with opium. Fommaidy, ,hia aad oco^ 
^«herc elso and U peculiar .o opium. Therefore, to identdy oprum the 
must detect meconic acid and one of the alkaloids present m opium, morphme 
being the one usually selected for this purpose. 


Physical Characteristics 

1 . Opium possesses a characteristic odor. When the odor 

its detection : burning a small particle also may i 


helpful. 
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2. Opium is usually dark brown in color. If the substance has been dried 
it is likely to be lighter; a poor adulterant may also change the color of the 

substance. 



ical Tests 


DETECTION OF MECOXIC ACID — RIGOROUS METHOD 

To isolate this acid, a 15 per cent solution (by weight) of lead acetate is 
added, drop by drop, to a warm aqueous solution of the opium until the pre- 
cipitation is complete. The test tube is allowed to cool and the precipitate of 
lead meconate is removed by filtration and washed once or twice with water. 
It is then transferred to a test tube, and hydrogen sulfide is passed through. Lead 
sulfide is precipitated and meconic acid is liberated. The lead sulfide is removed 
by filtration and the meconic acid is recovered by extraction with ether. The 
residue which remains after the evaporation of the ether is tested as follows: 

(a) A small portion of the solid is placed on a white tile plate, or in a small 
test tube. A drop or two of water, slightly acidified with dilute nitric or dilute 
sulfuric acid is added. To this solution a drop of a 1 per cent solution of ferric 
chloride is added. If the solid is meconic acid a deep red color will develop. 
This color is not discharged by adding hydrochloric acid and heating slightly 
(hence different from ferric acetate), nor is the solution decolorized by mercuric 
or gold chloride (hence different from ferric thiocyanate). The red color may be 
bleached with stannous chloride and regenerated with potassium nitrite. 

(b) Add a drop of Mandelin’s reagent to a small portion of the solid acid. 
A characteristic purple to deep blue color develops; this gradually fades on 
standing. 

(c) Characteristic crystals are obtained as precipitates when potassium 
ferrocyanide, barium chloride, or calcium chloride solutions are added to a 
solution of the acid. 

A small portion (0.2 mg) of the acid is placed on a microscope slide and 
dissolved in a drop of water. A drop of one of the above reagents (10 per cent 
solution by weight) is added. The slide is examined under a microscope with 
medium power (lOOX). 


DETECTION OF MECONIC ACID — SIMPLIFIED METHOD 

Frequently it is unnecessary to isolate meconic acid as such, the test for its 
presence being performed directly on a piece of opium. 

A particle of the suspected opium is placed on a tile plate in a drop of dilute 
nitric acid. A drop of a 1 per cent ferric chloride solution is then added. If red 
streaks spread throughout the liquid, the presence of meconic acid is indicated. 

DETECTION OF MORPHINE — SIMPLIFIED METHOD 

As mentioned above, morphine is one of the many alkaloids present in 
opium and it is necessary to demonstrate its presence in a substance alleged 
to be opium. The Marquis reagent is generally used to detect morphine for this 
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purpose. A purple-violet color develops when this reagent is added to a small 
particle of opium. If a satisfactory color does not develop with the solid opium, 
a mbcture of chloroform (75 per cent by volume) and isopropyl alcohol (25 per 
cent by volume) may be used to extract the morphine. The solvent is eva^rated 
over a water bath and a particle of the residue is examined with the Marquis 
reagent. If morphine is present a purple-violet color develops. 

5. MORPHINE 

Morphine is obtained from opium and is one of the principal alkaloids 
present in the dried exudate of the poppy capsule. The morphme content vanes 
Lm 5 to 18 per cent. Together with other evidence^ts detecUon is neces^y 
as a part of the examination of a substance for opium. The solubdity of morphine 
in strong alkali (owing to its phenolic group) provides a means for its separauon 

from the other alkaloids present in opium. 

To extract morphine from an unknown substance m which it is aUeged to be 

present, the procedure described in sec. 2 may be used. A solvent which is 
suitable for the extraction of morphine is a mixture of 

by volume) and isopropyl alcohol (25 per cent by volume). The ^orp^e 
recovered at the various stages in the procedure may be further purified by 
recrystallizing, using ethyl alcohol (95 per cent) as the solvent. 

Spot-Plate Tests 

To perform these tests a small particle of the solid is placed on a tile plate, 
the indicated reagent is added and the colors which develop are noted. 

OBSERVATION 

A purple -violet color develops immediately. 
The color becomes more intense on standing. 

A purple-red color develops immediately. On 
standing, the color deepens and takes on a 
somewhat brownish appearance in the cen^ of 
the drop and a greenish-yeUow at the edge; 
after several minutes the color becomes 
greenish-blue. If a large quantity of morptoe 
is used the color changes from purple-red to 
brownish and then to brownish-green. 

A blue color that passes rather quickly to giwn 
is observ ed. On standing this deepens to ohve 

green. 

A red -orange changing to yeUow-orange. 

A blue-green. This color may be destroyed by 
heat, acid, or alcohol. 

A strong red -orange color develops immedi- 

aiely. 


reagent 

Marquis 


Froehde 


Mecke 


jXilric Acid (cone) 

Ferric Chloride (10%) 

Oliver's Test (see sec. 3) 
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Test-Tube Methods 

IODIC ACID TEST 

To 1 ml of a dilute aqueous solution of morphine add 1 ml of a mixture 
containing equal parts of a 5 per cent potassium iodate (KIOJ solution and 
dilute sulfuric acid. In the presence of morphine a brown color develops. Add 
5 drops of chloroform and shake the test tube \'igorously. The chloroform layer 
turns a violet color as a result of the iodine formed by the reduction of the iodate 
by the morphine present. This is a test for a reducing substance and is not 
specific for morphine but at the same time it will serve to distinguish morphine 
from heroin and codeine. 

PRUSSIAN BLUE TEST 

To a dilute sulfuric acid solution of morphine in a test tube add a few drops 
of dilute (3 per cent) potassium ferricyanide solution and a few drops of 10 per 
cent ferric chloride solution. A blue color develops if morphine is present, owing 
to its reducing action on the ferricyanide. The ferric chloride reacts with the 
ferrocyanide produced to form Prussian blue. This is a test for a reducing sub- 
stance and is not specific for morphine. Heroin gives similar reaction but only 
after heating and standing for a time. Codeine develops a green color under 
these conditions. 




Fig. 213. Morphine with Marm^^s reagent. 


NITROUS ACID TEST 

To a few drops of dilute hydrochloric acid in a small test tube add a particle 
of morphine, then add several drops of a dilute (3 per cent) solution of sodium 
nitrite. After a yellow-green color has developed, the solution is rendered 
alkaline with sodium hydroxide. In the presence of morphine the solution turns 
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i This color is discharged with acid and restored with alkali. This test is imt 
edfic but since heroin and codeine do not respond, it serves to distmgtnsh 

aong these narcotics. 


Crystalline Precipitates 

MARMts TEST , „ , .j ■ j , 

On a microscope slide dissolve about 0.5 mg of the alkalotd m a drop of 
1 ^ hydrochloric acid and add one drop of Marme's reagent. W.thout snr- 
;„gor placing a cover slip over the preparation, examtne tt under » 
nth m^ium power (lOOX). Compare results with th.^ m F>S- At first 
he precipitate may be amorphous, but on standmg tt should crystallize. 


WAGNER’S TEST 

Repeat as in Marme’s test except 
results with those in Fig. 214. 


that Wagner’s reagent is used. Compare 



Fig. 214. Morphine with Wagner’s reagent. 


L^e^und in opium (particularly “ ^ 0 “'^^ 

varying from 1 to 3 per «”\This substance ts *e^ . 

and is usually prepared simthetic y . differing firom morphin 

peculiar among the alkaloids of opium, p temperature) 

in that it is relatively so^ e n^phine is easUy dissolved unde 

It is almost insoluble m strong aUcaii, wncrcei:, k 

these conditions. .UotaTyre in which it is alleged to b 

To extract codeine from an u^ — e mj.^ ^ 

present, the procedure <iesc"bed m ^ benzene. The codeit 

suitable for the extraction of codeine purified by n 

recovered at the various states m the procedure may he lur 

w^t^T 3 S the solvent. 
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OBSERVATION 

A purplish-violet color which rapidly becomes 
very intense. 

A yellowish-green, olive green, finally turning 
blue in about 5 minutes. 

A green, rapidly turning to dark green, and 
finally turning greenish-blue or blue within a 
short time. 

An orange color changing rapidly to yellow. 
No color change. 

No color develops. 

Test-Tube Methods 

To 2 ml of concentrated sulfuric acid in a test tube add a few particles of 
codeine. Shake the test tube until the solid dissolves and add a few drops of a 
1 per cent solution of ferric acetate and a few drops of dilute aqueous formal- 
dehyde solution (1 part in 10,000). A blue -violet color develops in a short time. 
This is not a specific reaction for codeine. Morphine and heroin also react under 
these conditions but the colors which develop differ. 

Add 10 mg of codeine to 2 ml of water containing a few drops of 10 per cent 
potassium ferricyanide solution, then add one or two drops of ferric chloride 
solution. A green color develops if codeine is present. Under these conditions 
morphine gives a blue color (Prussian blue) while heroin does not react immedi- 
ately, but only after standing for a time. 

To 10 mg of codeine in 5 ml of concentrated sulfuric acid add one drop of a 
10 per cent solution of ferric chloride. On heating, the solution turns blue; with 
the addition of a drop of concentrated nitric acid it changes to red. Morphine 
and heroin react similarly. 

To a particle of codeine dissolved in 2 ml of concentrated sulfuric acid add 
a few drops of 10 per cent sucrose solution, A reddish-brown color develops 
which on very gentle warming turns to deep red. This is not specific for codeine. 
Morphine and heroin react similarly. 

Crystalline Precipitates 

MARME^S TEST. On a glass slide dissolve 0.5 mg of codeine in 1 drop of 
0.1 A' hydrochloric acid. Add a drop of Marme’s reagent and examine under 
a microscope with medium power (lOOX), without stirring or placing a cover 
glass over the preparation. Compare results with those in Fig. 215. At first the 
precipitate may be amorphous but on standing it should crystallize. 

WAGNER'S TEST. Follow directions as given in Marm6’s test except that 
the Wagner reagent is used. Compare results with those in Fig. 216. 


Spot-Plate Tests 

reagent 

Marquis 

Ftoehde 

Mecke 

Nitric Acid (cone) 

Ferric chloride (10%) 
Oliver's Test (see sec, 3) 






% 
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7. HEROIN 

Heroin is not a naturally occurring alkaloid, being made synthetically by 
the acetylation of morphine. Heroin is the diacetyl derivative of morphine. 

As a drug of addiction it is particularly dangerous since no hypodermic 
needle is required for its administration. It is sufficient merely to sniff the drug 
in order to have it absorbed by the body. When sold illicidy, it is frequently 
adulterated with sodium carbonate, chalk, or other cheap white powder. 

To extract heroin from an unknown substance in which it is alleged to be 
present, the procedure described in sec. 2 may be used. A solvent which is 
suitable for the extraction of heroin is chloroform. The heroin recovered at the 
various stages in the procedure may be further purified by recrystallizing, using 
a mixture of alcohol (75 per cent by volume) and water (25 per cent by volume) 
as the solvent. 


Spot-Plate Tests 

reagent observation 

Marquis A reddish-purple color develops. 

Froehde A violet-purple color develops immediately. 

On standing it turns purplish-brown. 

Meeks Light green rapidly changing to a darker 

greenish-blue. 

Jiitric Acid (cone) A faint yellow color, which turns a green that 

becomes more intense on standing. 

Ferric Chloride (10%) No reaction. 

Oliver^ s Test (see sec. 3) A red -orange color. 

« 

Test-Tabe Methods 


PRUSSIAN BLUE TEST 

; lb a dilute sulfuric acid solution of heroin in a test tube add a few drop 
10 per emt potassium ferricyanide solution and a few drops of a 10 per 
ferric chloride solution. Warm gently and allow the test tube to stand. Aftt 
hi^in has had time to hydrolyze, a blue color will develop. This differs 
moiphin,e which gives the blue coloration immediately, and codeine, which 
^^ greea cblon 


INSTECTION OF ACETYL GROUPS 


m 








particles of heroin are added to a test tube containing 1 ml of con- 

fflilfiiric acid and 1 ml of ethyl alcohol. Acetic acid is formed by the 

^ Ae heroin, and in the presence of concentrated sulfuric acid it re- 

ifte ethyl alcohol to form an ester (ethyl acetate) which has a charac- 

odor. This is not specific for heroin, but neither morphine nor codeine 
M this manner. 


V' 
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Crystalline Precipitates 

CHLOROPLATIXIC ACID 

On a microscope slide dissolve a small portion (0.5 mg) of the alkaloid in a 
drop of 0.1 X hydrochloric acid and add a drop of chloroplatinic acid. \Vhen 
the slide is nearly dr\% examine under a microscope with medium power 
(lOOX) and compare results with those in Fig. 217. 



Fig. 217. Heroin with chloroplatinic acid. 


MERCURIC CHLORIDE 

Dissolve a small portion (0.2 mg or less) of the alkaloid in one drop of 
0.1 X hydrochloric acid on a glass slide and add one drop of the mercuric 
chloride reagent. Compare results with those in Fig. 218. 
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8. COCAINE 

Cocaine is a natural product obtained by extraction from the leaves of the 
coca shrub. The drug is usually encountered as the hydrochloride salt, the 
crystals of which are a sparkling white. It is therefore usually difficult to find a 

suitable cheap adulterant for cocaine. 

To extract cocaine from an unknown substance in which it is alleged to be 
present, the procedure described in section 2 may be used. A solvent which is 
suitable for the extraction of cocaine is ether. The cocaine recovered at the 
various stages in the procedure may be further purified by recrystallizing, using 
a mixture containing ethyl alcohol (60 per cent by volume) and water (40 per 

cent by volume) as the solvent. 

There are no spot-plate color tests for this narcotic. 

Test-Tube Methods 

POTASSIUM PERMANGANATE TEST 

Add 0.01 g of cocaine to 0.5 ml of dilute hydrochloric acid in a small test 
tube; if necessary shake the tube until the solid is dissolved. To this solution add 
drop by drop, a saturated solution of potassium permanganate. Observe the 
violet crystalline precipitate which is formed when cocaine is present. Per- 
manganate oxidizes almost all other alkaloids and cocaine substitutes under 
these conditions, and in so doing is decolorized. This is a useful test in distin- 
guishing among cocaine and the other alkaloids in which a police chemist is 
ordinarily interested, 

CHROMIC ACID TEST 

To 0.01 g of cocaine in a test tube add 0.5 ml of water and a few drops of 
dilute hydrochloric acid. The addition of one drop of an 8 per cent solution of 
potassium dichromate (acidified with 5 ml of dilute hydrochloric acid per 100 ml 
of dichromate) causes a yellow precipitate to form. The precipitate dissolves if 
the tube is shaken. The addition of a few more drops of dichromate produces a 
permanent heavy yellow-orange precipitate of cocaine chromate. 

DETECTION OF BENZOTL GROUP 

Gendy warm 1 ml of concentrated sulfuric acid and several particles (over 
0.2 gm) of cocaine together in a test tube. Allow the tube to cool and dilute 
{exercise care!) the contents, by adding water dropwise ; during this process keep 
the tube partially immersed in cold water. At the completion of the dilution the 
odor of methyl benzoate may be noticed, while on cooling and standing a white 
precipitate of benzoic acid will have formed. The benzoic acid is recovered by 
extraction with ether. The residue left following the evaporation of the ether is 
esterified by heating it with 1 ml of ethyl alcohol in a tube with a few drops of 
concentrated sulfuric acid. The characteristic odor of an ester (ethyl benzoate) 
develoDS, 
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Crystalline Precipitates 

CHLOROPLATIMC ACID 

On a glass side dissolve a small portion (0.2 mg) of the solid in one drop of 
0.1 A' hydrochloric acid and add one drop of chloroplatinic acid reagent. With- 
out stirring or covering the preparation with a co\ er glass, examine the results 
immediately under a microscope with medium power (lOOX). Compare the 

results with those in Fig. 219. 



re- 


CH LOR AURIC ACID 

Follow the directions as given for chloroplatinic acid except that the 
agent used is chlorauric acid. Compare the results with those m Fig. 220. 

9. CANNABIS INDICA (MARIJUANA) 

The common hemp plant (Cannabis s^,va L.) that grott-s in warm clima^ 

contains a resinous substance, particularly in the 'eaves T'ril ft ^t 

which is phvsiolosically potent. This plant varies in height from 4 to 16 ft. It 
grows wild in many parts of the United States (Cuiuiui.J uatmmiai) and is m- 

i^Jiate ^nnaWs or mixtures containing the resin or active prmciple of cannabis. 

American — marijuana, weed, tea 
Asiatic — hashish, charas, bhang, ganja 
African — dagga, kif 

In America cannabis is usually smoked in the form of a 

t^ich is called a rrr/rr, nia«/r, or r,«. However, it may 

(usuallv sweetmeats) and eaten, or it may be steepe ^ 

Cannabis is said to be habit forming if u is of dgarettes 

time. The physiological effects of cannabis \ ary \Mth . n 
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smoked, the species, and the potency of the cannabis used. Indh iduals ma\ be 
affected differently. Some experience a feeling of euphoria and excitement, 
others melancholia and depression. Thinking becomes abnormal; colorful 
hallucinations, frequently erotic, are experienced; behavior is impetuous, hap- 
hazard; notions are impulsively carried out. 



(bf 

Fig. 220. Cocaine with chlorauric acid: (a) 1:1000; (b) 1:500, 


Chemical Tests 


DUQUEXOIS TEST 

A portion of the material suspected of containing cannabis is placed in a 
test tube. One or two milliliters of the Duquenois reagent are added and the 





V* to cmiMi^AJuivtiui 
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BOL'Ql’ET TEST 

A portion ol thr matenai njaperted al c nni ain w NI the camtobH m po ■ah e ad 
and placed in a teat tube. About S ml ol c>thyf acetate are poured man the tube . 
the ctmienu are thaken far one minute and then filtered An addMtoual S nd a# 
ethyl acetate are uaed and the procedure repeated. The rn mb tn i d eatrar t admit 
it veneraily colored freen aa a remit erf chkirophyU la deeulortaed wtch dtr minl> 
mum amount erf decolcjrt<int( charcoal pc— h i e After remoemc the charcoal ko 
filtration, the teat tube contatninff the clear ethyl acetate to placed to a bento* 
erf boiiinf water. When the aolveni haa been re mo ve d by eeapmatom, toe 
reddue to dtoaolved with 1 ml ol acetone. About 0.5 ml ol frcahly p re p ared 
Bouquet reagent (2 parts concentrated aulfunc acid and 3 pana almduar ctod 
akohol) • to then added to the tube. On ttandtng, a browniah-nd calar dewetopa 
•lowly if cannabia la p re a ent. If a (rw dropa erf water are then added to toe attot* 
tion a whittoh opales c ence to noted. While certam other materials aim develap a 
brown color with thto reagent- they do not react nmdarhr when wasee to added 


Microaroptc ExamiiuiUoa 

EFFFJt VFSCFiSVE TEST 

When dilute hydrochloric acid to added to powdered cannabis an rterm - 
cence ol gas results which to visible under the mirroarope at lOOX Car rmambr 
rxercised to add the acid carefully in order to prevent damage to toe ttoycctom 

ol the microacope. 
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botamcal features 


The botanical 
recognized. Figure 
lowing features of 


features of cannabis are quite characteristic and are easily 
221 is a photo 2 :raph of a leaf of the cannabis plant. The ftd- 
Gjround cannabis are quite readily obser\'ed by means of a 


microscopic examination (ca. lOOX): 



(a) (b) 

Fig. 221. A marijuana leaf: I'a^ upper side; fb) lower side. 


Color: ^reen. ereenish-brown, or brown. 

^ • — 

Epidermis of leaf: lower surface has many stomata and sinuate walls. Upper 
surface has no stomata and walls are straight. 

Hairs: There are both glandular and nonglandular hairs. The nonglandular 
hairs are quite numerous and have a pointed, slender apex with an en- 
larged base that usuallv contains a crystalline mass or cystolith. Non- 
glandular hairs are rimd, curved, and unicellular. There are two types of 
glandular hairs; one is short with a unicellular stalk, the other long with 
a multicellular, tongue-shaped stalk and a head or gland which is 
globular in shape and has from 8 to 16 cells. 

EXERCISES 

Using known narcotics, perform all the tests described above. Prepare a list of those 
reagents which crive the same results with different narcotics. 
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PART G 


DOCUMENT EXAMINATIONS 



CHAPTER 34 


INKS 


1. INTRODUCTION 

In the examination of questioned documents it is sometimes necessary to 
investigate many questions concerning the ink used in writings on the document. 
For example, if it is alleged that alterations have been made, it is advisable to 
compare the type of ink used in the undisputed original writing with that of the 
alleged alteration; if chemical examination shows that two different types of 
ink were used, the inference to be drawn is quite obvious. Another point of 
interest lies in the question of the age of inks: is the writing as old as the date it 
bears; were the writings of chronological business entries all made at the same 
time or over a period of time as would be natural in the course of business? 
Finally, it is sometimes of great interest to learn whether or not a particular 
bottle of ink was used for the writings on two different documents. 

In the following paragraphs the types of ink in general business use today 
and those which were used in the past will be discussed with regard to their 
chemical composition, so that an adequate basis will be provided for the under- 
standing of the chemistry of the methods used to distinguish among inks. In 
addition, the difficulties that exist in attempting to obtain positive information 
in other investigations concerning ink will be better appreciated. 

The problem of introducing chemicals into a person’s ink supply for the 
purpose of marking it for future identification is treated elsewhere in the text 
and the reader who is interested should consult Chapter 28. 

Since it is necessary to employ chemical as well as physical methods in the 
followmg procedures, it is advisable that the person conducting the examinations 
be trained in analytical chemistry. At least those methods that require a knowl- 
edge of chemistry should be used only by a chemist. This admonition is in 
keeping with the spirit of the advice offered by Mitchell ^ and Lucas concerning 
the role of the chemist in document examinations. 

TYPES OF INK 

2. IRON GALLOTANNATE INK 

This type of ink has been and is today the most frequently used for entries 
m record books and for business purposes in general. Iron gaUotannate or nut- 
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gall inks are solutions and not merely suspensions of solid coloring matter in a 
liquid medium. Thus the ink is able to penetrate into the interstices of the fibers, 
thereby inscribing the writing in the body of the paper and not merely on the 
surface, so that its removal is more difficult to accomplish. It will be seen later, 
in our study of restoration of erasures, that this ability to pass into the body 
proper of the paper makes it more difficult to eradicate the original writing. 

Composition 

The general constituents of black and blue-black, nutgall inks follow, to- 
gether with the reasons for adding each. A fuller explanation of the function 
of the more important constiments will be set forth in a series of equilibrium 
equations. These reactions will further serve to explain, in terms of displacement 
of the equilibria, the action of the chemicals generally recommended for testing 
ink. 

Constituents Function 

Ferrous sulfate See equilibrium 

Tannic acid* ^ equations in sec. 3 

Gcdlic acidf [ below 

Provisional Coloring Matter 

A dye material such as Soluble Blue (C.I. 707) is added to render the writing 

legible. Today this is the general practice, but in the distant past 
no such provisional coloring matter was added. 

Preservative 

A compound such as phenol or boric acid is added to prevent mold and 
bacterial growth. The amoxmt of preservative used is quite small, usually less 
than 1 per cent. Other constituents which likewise are used in limited amounts 
include humectants, such as glycerin, and surface-active agents.* 

Protective Colloid 

Formerly gum arabic and dextrin were added to prevent precipitation of 
any ferric tannate which formed on standing. In general, the use of protective 
colloids has been discontinued. 

Inorganic Acid 

Inorganic acids such as hydrochloric or sulfuric are added to prevent forma- 
tion of ferric tannate (and ferric gallate, etc.). In terms of equation 2 below, 
this may be regarded as a repression of the ionization of the taimic acid by the 
mineral acid, so that the concentration of tannate ion is below that necessary 
to exceed the solubility product of ferric tannate, 

• Tannic adds arc widdy distributed in nature, being found in plants, leaves, and trees. 
The chief source, however, is gall nuts and the bark of the oak, suma<^ he^ock, and other 
trees. Galls or gall nuts are excrescences or warty growths on the leaves of various trees, formed 
as a result of the puncture of the leaves or bark by certain insects, 
t Gallic add is also obtained from natural vegeuble sources. 
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3. THE CHEMISTRY OF IRON GALLOTANNATE INKS 

The following equations in addition to indicating the chemical changes in 
writing ink after drying will further illuminate the usual, but not entirely satis- 
factory, explanation offered by Mitchell ^ as an interpretation of the chemistry 
involved in the examination of writing made with nutgall ink. For the purposes 
of simplification, only tannic acid will be considered. For convenience the 
tannate radical will be indicated by the symbol Tn”. 


oxid. 


Fe++ 


(1) 


red. 

HTn 

^ H+ + Tn- 

(2) 

Fe+++ + 3 Tn- 

- Fe(Tn)3 i 

(black ppt.) 

(3) 


After the ink is applied to the paper the air oxidizes the ferrous ion to ferric 
ion (equation 1); this combines with the tannate ion (equation 2) to form an 
insoluble black precipitate (equation 3). 

Mitchell^ claims that complex iron tannate compounds are formed. Equa- 
tion (3) is therefore only a part of the complete story; however, for didactic 
purposes and from a pragmatic point of view these equilibria equations may be 
considered satisfactory. 

The time required for these reactions to be completed after the ink is placed 
on the paper depends, as always, upon the conditions under which they are per- 
mitted to take place. For example: the amount of air, moisture, heat, and light 
to which the paper was exposed, as well as the nature of the sizing, degree of 
acidity of the paper, and use of or failure to use a blotter, are some of the variables 
which influence the length of time required for the reactions to go to completion. 
In terms of outward appearance to the naked eye, the time required for a black 
color to begin to appear may be as short as a week in the summer, while in the 
winter it may take several months. However, a few years or more may be re- 
quired for the ink to turn completely black and to develop its greatest intensity. 

In the tests used to distinguish among the various kinds of black inks it is 

convenient to classify the generally recommended reagents according to their 

chemical action on nutgall ink. Thus several reagents will be grouped into each 

class; the interpretation of their chemical action in terms of the reversal of 

equation (3) and the establishment of new equilibria applies to all reagents in 
the same group. 

Inorganic Acids 

Hydrochloric acid 
Sulfuric acid 
Nitric acid 
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The action of these acids on ferric tannate may be illustrated by hydro- 
chloric acid. 


HCl 

Fe(Tn )3 ^ Fe+++ + 3 Tn- 

H+ 

HTn 



(3 reversed) 
(2 reversed) 


The ferric ion (ferric chloride) accounts for the faint yellow coloration some- 
times observed after addition of an inorganic acid. Of course this happens only 
if the ink is so old that the provisional coloring matter has been destroyed by 
oxidation, or if it was never present in the ink imder examination. In most cases, 
however, addition of inorganic acids will result in a change of color from black 
or blue-black to light blue. This latter color is the result of the provisional color- 
ing matter which usually is added to inks of this type. 

It is perhaps most appropriate to discuss potassium ferrocyanide and 
potassium thiocyanate at this point since it is necessary to use an acid solution 
of these reagents to conduct the tests. The reaction is the same as for inorganic 
acids alone except that the ferric ion is also “tied up” by these reagents, thereby 
forcing the equilibrium even more to the right, viz. ; 

HCl 

Fe(Tn )3 Fe^ + 3 Tn" 

1 Fe(CN)«= 1 H+ 

or 

, CNS- HTn 

Fe 4 [Fe(CN)6]3 (blue) 
or 

Fe [Fe(CNS)6] (red) 


Complex Ion Formation 

Oxalic acid, tartaric acid, and citric acid are organic compounds that form 
soluble complex salts with various heavy metals including iron. Perhaps the best 
known example of this type of complex salt formation is that of copper with 
Tartaric acid in Fehling’s solution. The following equation illustrates how these 
acids “tie up” ferric ions and hence are of value as ink-testing reagents. 

FeTna Fe+++ + 3 Tn" (3 reversed) 

ircao: 


Fe [Fe(C 204 ) 3 ] 

(colorless) 

Since these reagents have no eflFect on the provisional dye, the usual result 
following their application is the development of a light blue color unless the 
ink is very old or never had coloring matter added. In these latter cases the 

reaeent will cause the writing to fade or disappear. 
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Bases 

Sodium hydroxide and potassium hydroxide, as well as sodium thiosulphate 
in ammonia solution, react with iron gall inks to form a red or reddish-brown 
color that results from the formation of ferric hydroxide as shown below: 


Fe(Tn)3 Fe"^ 



OH- 


+ 3Tn“ 


Fe(OH)3 


(reddish brown) 


(3 reversed) 


Reducing Agents 

Stannous chloride, titanous chloride, sulfurous acid, and hydrogen (zinc 
and dilute hydrochloric acid) are reducing agents that reduce the ferric ion to 
the colorless ferrous ion, and in some cases may destroy the provisional coloring 
matter. 

reducing 

Fe"*^ > Fe“^ (colorless) (1 reversed) 

agents 


Oxidizing Agents 

Bleaching solutions (sodium hypochlorite or calcium hypochlorite*) and 
bromine or chlorine water are agents that function in two ways: (a) they destroy 
the provisional coloring matter by oxidation; (b) they act on the iron tannate 
in the same fashion as inorganic acids. Since chlorine dissolves in water to form 
hydrochloric and hypochlorous acid this similarity of action on iron tannate is 
to be expected. Bleaching solutions are most effective below pH 1 in destroying 
the color of the ink. 

CI 2 + H 2 O HCI + HOCl 


4. LOGWOOD INK 

From the wood of the logwood tree a natural coloring material (haema- 
toxylin) is obtained by extraction with water. This extract was first used in 
iron ta nn ate inks about 1763 as an additional ingredient to make the writing 
more intense* and, perhaps, more permanent. In 1847 Runge used logwood 
extract and potassium chromate as the principal constituents of a new type of 
ink.« Later in 1857, alum, copper sulfate, and logwood extract were used; in 
1859 alum and logwood were employed; and in 1875 copper sulfate and log- 
wood extract were mixed to form another variation of logwood ink. The use of 
a ferrous compound as an ingredient disappeared in these later logwood inks. 
In 1882 potassium dichromate was used as the principal ingredient to be added 
to logwood extract. Hydrochloric acid and phenol were also added — the 
former to prevent the formation of a precipitate and the latter to act as a pre- 
servative.^ In certain formulas, sulfuric acid is used in place of hydrochloric acid 


* A solution of chloride 



also 
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The color of log%vood inks depends upon the inorganic salt added; but on drying 
and standing, they turn black; with chromium salts they yield the deepest black. 
At the present time logwood inks are practically obsolete, although they are 
reported to be still in use in Germany.® 

4 

While it would be interesting to attempt an interpretation of the chemistry 
of the reactions of this type of ink, it is beyond the scope of this book because 
of their involved nature and the complicated, even uncertain, chemistry in- 
vol\ed. Howe\er, for those who wish to speculate on possible interpretations of 
the color changes which occur when the test reagents are added to the \vriting, 
a brief statement concerning the production of color in organic compounds 
should be helpful.® 

5. COLOR AND CONSTITUTION 

The first attempted explanation of color in organic compounds was based 
on the presence of certain unsaturated groups, called chromophores or color pro- 
ducers, in the molecule. Other groups which deepen the color were called auxo- 
chromes or color intensijiers. Later it was recognized that salt formation also 
contributed to the production of color in organic compounds. Stieglitz^^ unified 
these ideas into a theory based on the oscillation of electrons o\ving to an intra- 
molecular oxidation-reduction process in which the chromophoric groups were 
regarded as the oxidizing agents and the auxochromic groups acted as reducing 
agents. This concept has been broadened so that at present color production is 
ascribed to resonance (a theory developed in quantum mechanics). Briefly, 
resonance may be described as a condition of a molecule that permits several 
electronic structures of approximately the same energy content to be assigned 
to it. Resonance involves only electron shifts, and is not concerned mth any 
shifts of the atoms themselves within the molecule. Thus organic dye molecules 
exist in resonating forms because they possess electron acceptors (chromophores) 
and electron donors (auxochromes) and an unsaturated (conjugated) system 
that ser\^es as an intermediate path over which the electronic resonance may be 
transmitted. 

Haematoxylin, the natural coloring principle obtained from logwood, is 
converted into haematein bv oxidation when allowed to stand in air. This latter 

4 

compound contains a substituted flavone nucleus, 

OH 

\ 

C— 

ll_ ; 

o 

thus the essential requirements for the production of color in organic compounds 
are satisfied. The unsaturated ring groups (quinoid structure) may be regarded 
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as the chromophore, and the hydroxyls as the auxochromc, while salt formation 
may occur in acid medium at the heterocyclic oxygen and in basic medium at 
the phenolic groups. In addition the compound is capable of inter- and intra- 
molecular oxidation and reduction as well as being able to resonate between 
several alternative electronic structures so that it would indeed be difficult to 
predict the resultant color after the addition of a reagent. 


6. NIGROSINE INK 


In 1867 a water solution of a synthetic black compound prepared from 
aniline and nitrobenzene was introduced as a blue-black or purple-black ink 
for stylographic pens. This type of synthetic ink is usually referred to as Nigrosine 
Ink but it has also been called Indulin Ink and Black Aniline InkP' 

No new compound is formed by oxidation after this ink is applied to the 
paper, so that the lines are merely deposited organic solids that were in solution 
in the ink before it dried. Therefore it should be expected that water would 
affect writings made with this ink by redissolving the nigrosine. Thus writings 
made with this ink are easily smudged, affected by moisture, and may be washed 
off the paper with little difficulty, regardless of the length of time they have been 
on the document. This ink, therefore, does not possess the permanence of iron 
gallotannate or logwood inks; but, on the other hand, it resists the action of 
chemical reagents, including many of the usual ink testing reagents. 

The constitution of nigrosine is unknown. A similar or related dyestuff, 
however, is induline, which contains an azine ring; 


Inasmuch as the structure of nigrosine is unknown, it is impossible to write 

equations which will serve to interpret the chemistry of the color changes 

which take place upon the addition of certain reagents. However, the general 

requirements, including resonance possibilities, for color production must be 

present in the molecule; again, the difficulties of interpretation of color changes 

resulting from the reagents which are used in testing will be great even after 
the structure is finally elucidated. 


7. CHINESE, INDIA, AND CARBON WRITING INKS 

Historically the use of carbon as an ink material dates back to more than 

3000 B.C.; hence it is the oldest writing substance known. It has been known 

under various names such as Chinese Ink and India Ink. Today, finely divided 

carbon is held in colloidal suspension and used to produce deep black drawing 
and writing ink.i® 

As carbon is chemically inert to the usual ink testing reagents, it will resist 
all attempts at oxidation or reduction, and remain uninfluenced by changes in 
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acidity. However, this type of ink does not penetrate deeply into the fibers of the 
paper (particularly if well sized), so that it may be easily washed off. In testing, 
therefore, the document examiner must be aware of this fact and should avoid 
mistaking this washing or mechanical removal of the carbon by the solvent 
of the reagent for a chemical reaction such as bleaching. 

8. COLORED WRITING INKS 

Although colored writing inks are much more popular today than formerly, 
they are, nevertheless, infrequently used in writings on important documents. 
For this reason an extended treatment of this subject will not be attempted here. 
For those interested in this subject, the treatments by Mitchell, i-* Lucas,*’ 
Woodman,*® and Rhodes*” should prove adequate for most purposes. 

Formerly colored inks were manufactured from coloring materials found in 
nature, such as indigo. Today, however, almost all colored inks are composed oi 
svnthetic aniline dvestuffs dissolved in water. 

In certain colored inks of modern manufacture ammonium vanadate is 
added to render the writing more permanent. Hence it is adsdsable to make an 
examination for vanadium, if a comparison between two similarly colored inks 
is being conduct (see Chap. 37). Obviously, finding vanadium in one sample of 
writing and absent in the other \vould exclude the possibility of both writings 
having been made with the same type of ink. 

9. PHYSICAL METHODS USED IN THE EXAMINATION AND 
COMPARISON OF INK WRITING 

The document must first be photographed (1 :1 scale) to record its appear- 
ance at the time at which it was submitted for examination. 

The whole document and especially those parts in question should be 
examined with the naked eye, using reflected and transmitted light as well as 
ultraviolet light, although no great value is attached to the latter examination. A 
hand magnifier and a binocular microscope should also be used, noting any 
alterations, erasures, destruction of sizing, etc. A color comparison microscope 
may reveal valuable information regarding the color of different ink lines.*® 

Next, a series of colored filters should be employed to view the document; 
any differences detected should be photographed, using an appropriate film. An 
infra-red photograph should be made also in order to obtain, if possible, some 
differentiation between the ink writings or to detect other differences that may 
e.xist in the subject matter under examination.*^ Nigrosine ink may sometimes 
be distinguished from other inks under a low-po^^•er microscope (20X) by the 
outer portions or edges of the ink line which are markedly darker than the 
inner portion of the stroke. 

10. CHEMICAL METHODS USED IN THE EXAMINATION 
AND COMPARISON OF INK WRITING 

In Table 23 most of the reagents recommended for testing inks are listed; 
the concentration of each reagent is specified. An asterisk next to a reagent 
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indicates that it is the most generally useful and should be used before others 
of the same type. 

The reagents when not in use should be kept in small, tightly closed bottles. 
A brown colored bottle holding 50 ml of reagent, with a dropper passing through 
the stopper, is satisfactory. Reagents are applied to the ink line by means of a 
ver>" fine capillary pipette, with the assistance of a hand magnifier or low-power 
microscope (Fig. 222). The pipette may be prepared by heating ordinary glass 
tubing and drawing it out until a 
sufficiently fine capillary is produced. 

Sharpened wooden toothpicks may 
also be used to apply the reagent. 

The writing is examined after a few 
minutes by reflected and transmitted 
li<7ht. If no color change has taken 
place it is examined in one-half hour 
and again in 12 hours if necessary. 

When the reaction is completed in a 
few minutes, the excess reagent should 
be removed with blotting paper. Seve- 
ral applications of water may also be 
used carefully to dilute and remove 
the last traces of the reagent, thereby 
providing additional protection from 
any destructive chemical action on the 
paper. The area so tested must not be prominent; indeed, if done carefully, it 
may require a hand magnifier or low-power microscope to reveal any details 
concerning the places at which the tests were conducted. Obviously, if these 
tests are carried out in such a delicate fashion that magnification is required to 
reveal the place, it is necessary to keep a record of the positions at which they 
were conducted. Of course, the place selected for the test should be an unimpor- 
tant portion of the pen stroke. If it is necessary, however, to test an important 
section of the document and if the entire alteration is slight, it would be ad- 
visable to obtain permission from competent authority before proceeding with 
the work. In extreme cases, where the disputed section may be changed or 
damaged so that the evidential v'alue of the document is impaired, it would be 
advisable not to perform the tests until ordered by a court and then only after 
an explanation has been given of the possible consequences with respect to the 
changes that may result at the significant portion of the document. 

An examination of Table 23 shows that relatively few reagents are required 
to test inks. Hydrochloric acid distinguishes iron nutgall ink (the color dis- 
appears or turns light blue) from logwood ink (a red color develops) ; a negative 
reaction indicates that either a nigrosine or carbon ink is under examination. 
These latter inks can be distinguished by sodium h>qDochlorite which turns 
nigrosine ink brown and does not afifect carbon ink. The reagents in Table 23 
include those suggested in the literature as being useful. When they are studied 



Fig. 222. Applying the test reagent to an 
ink line by means of a capillary pipette 

(40X). 
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n some cases, the provisional dye may be decolorized. 
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from a chemical standpoint the purpose each serves is understood and many 
duplications, some unwise, are seen; for example, it would be obvious to a 
chemist that sulfuric acid should not be used unless precautions are taken for its 
neutralization, otherwise the paper will be harmed in time by the destructive 
action of the sulfuric acid. Since it is possible for a poor iron gallotannate ink 
to l>c partially rcmo\ ed by the solvent action of a reagent solution, it is advisable 
to test the blotting paper (used in remoxang the reagent) with potassium ferro- 
evanide or thiocyanate. In this way one may ascertain if an ink easily removed 
by water is nigrosinc or carbon ink, or if it is a poor iron gallotannate ink. 


IL AGE OF INKS 


One of the most iinptu iant aspects of ink problems in forensic chemistry is 
that of the ace of a quesiiuned writing. Other inquiries on this subject can be 
related to the question: "Were the writings all made at the same time or were 
they done at ditfereru limes.^" The problem raised in the first half of the question 
iKCurs when it is necessar\' to decide whether an alleged alteration or addition 
to .1 dix-uinctu was made at the same tintc as the original or was introduced at 
a lan r date. It will lx- assumed for the situation described that the entire docu- 
mcni, incluflim; the questioned jxartions, was written with the same type of ink. 
A case in ss fiich information concerning the last half of the question would prove 
hrlidul <x curs when it Ls nrcrs,sarv to render a decision alxiut entries in business 
rrt v)rds. Mq)[x»s<-dlN made in chronological order over a p>eriod of time during 
the rrijular course ol business. l>ut suspected of having been written all at the 
v.ime time. In connection with this situation, knowledge of the type of ink or 
inks rmpl-'ved would lx- of no assistance, for one type may or may not be used 
thtouthout .iiui it is not Ix'vond the res*»urces of a skilful operator to simulate 
the more usual and genuine apix-aranre svhere many pens and inks arc used in 

the ssnting. 

In certain cases of more or less infrequent occurrence it has been claimed 
that sjxcifu . jxisiiisr ssrlutions to thus problem were and arc possible.*" * 

I nlortunatelv. howrsrr. no general, objective -solution is possible for most cases 


m sshich the .ige of ink writing is imixsrtant. Therefore, no specific directions 
sstll lx- given for the selection of a pnxrdure to use in a particular case. It is the 
.urn in the set tioas Ix-low to survey comprehensively the various procedures 
that have Ix^n dess rilxxl in the literature as methods for determining the age 
.,1 venting and to indicate their limitaiioiw. .Although it undoubtedly would be 
more desirable to have v)lu(ions prescrilxxl for all cases, it will be appreciated 
.dirr a reading of the test that this is im|x»siblc. .\n understanding of the various 
,urth.«ls vs ill rnaf.lr the d-xument examiner to select the most suitable for a 
n.rrtu uiar c.isr .rnd will pr<w«de a background for any further exjx-nmeniation 
that mav ix- necess.irx for th-ese few cases in which the conditions apix*ar that 
It might lx- i«ws,!.le to obtain inf-irmation crmcernmg the age of the writing 

I lx- mrth.xls emploved dr,x-n.l .qxm t.i) physical phenomena such as match- 
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ing the color of the ink writing with standard colors or with itself over a period 
of time and (b) chemical reactions, certain aspects of which are alleged to reveal 
information concerning the length of time the ink has been on the paper. 
Inasmuch as many of these methods depend upon more or less rapid oxidation 
of the ink, it should be apparent that they are not applicable to nigrosine and 
carbon inks since they are not subsequently oxidized after being placed on paper. 
The folIoAxing is a resume of the various methods proposed in the literature for 
obtaining data on the age of questioned ink writing. 


12. PHYSICAL METHODS FOR ESTIMATING THE AGE 
OF WRITING 

Since it is usual to add provisional coloring matter to iron nuigall inks pend- 
ing the formation of the black iron tannate, it is obvious that many changes in 
color will occur in this process. For example, Mitchell states that the color is 
bright blue first, but turns violet as the other pigment, i.e., the iron tannate, is 
formed. The completion of the change, i.e., the development of maximum 
intensity, varies greatly with the conditions. If a pen is used to apply the ink 
and if the writing is then kept in a closed book the greatest intensity may not be 
attained for upwards of a year. 

Osborn-^ similarly points out that the initial stages of the darkening of iron 
nutgall inks are much more rapid than the latter ones. Ordinarily in summer a 
good ink appears to be black after a few weeks, but in winter the same intensity 
of color requires from one to several months; in both cases the ink is still far 
from deep black and is yet a long way from the final result. 

With proper magnification and illumination the apparent black color which 
first develops is seen to be not black but rather a bluish purple at its densest 
portions, and shades off to light blue in the very thin areas. Gradually, the blue 
color disappears and the purple darkens until the ink finally becomes black 
without any purple or blue color in it. 

This latter process is quite slow, and the inks investigated by Osborn^'^ in 
1928 required a much longer time than those formerly used. In 1910 about 
14 to 24 months were required for this change but in 1928 it often required twice 
as long for some of the inks to lose the blue-purple color. 

Osborn^ proposed that these color changes be employed to form an estimate 
of the possible age of iron nutgall ink writing, and for this purpose he designed 
a color -comparison microscope (Chap. 43). This instrument is simply a low- 
power microscope with two body tubes and two matched objectives; right-angle 
prisms bring the image of each objective into one-half of the field of the ocular. 
In this way it b possible to juxtapose two specimens for comparison. The body 
tubes of the microscope have slots through which Lovibond tintometer glasses 
may be inserted. Diffused sunlight is used as the source of illumination for the 
subject matter under examination. When the tintometer glasses are used, a pure 
white background must be placed under one objective. If the ink line selected 



for examination is brought into \n.ew by the other objective, it is possible to 
study and compare its color by inserting the proper combination of red, yellow, 
and blue tintometer glasses in the body tube of the other objective (Fig. 223). 



FiK 223. Color comparison microscope and Lovibond tintometer 
glasses. 


For future reference it is neccssarv* that a note be made of the particular 
p)oriion of the ink line which is examined. This may be done by describing the 
word and letter used: the specific portion may be located with coordinates ob- 
tained by accurate measurement from some arbitrary' origin such as a period 
of a sentence. If this precaution is taken, no difficulty will be encountered in 
relocating the exact section of the ink line which was the subject of the examina- 
tion. 

The chief value of the color -comparison microscope is that it offers a meanf 
whereby it is possible to compare the color of two iron nutgall writings alleged 
to have been made with the same ink and at the same time, or to compare 
writing with itself over a period of time. In the former case any significant 
variations of color, as determined by a direct comparison of the two writings 
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or by an indirect comparison of each with the Lovibond glasses, would be helpful 
in establishing that the writings ^vere not made at the same time. It need hardh’ 
be mentioned that in these comparisons a blotted portion is not to be compared 
with an unblotted portion, and that other conditions must also be similar, i.e., 
the inks are on the same type and quality paper. In examining ink writing 
over a period of time, any change in color (i.e., from light blue or purple to 
black or an increase in the saturation of the black) indicates that the color of 
the ink has not reached its greatest intensity, and the ink therefore is not very 
old in years. In the usual case, where an alteration of an old document is made 
only shortly before it is to be used, this may be quite valuable information. Thus 
a document (or part of a document), alleged to have been written a great many 
years before the time it was submitted for examination, may be shown to be of 
recent origin if the tintometer values obtained in the examination are signifi- 
cantly different from those obtained when the document is examined subse- 
quently, i.e., after several weeks or months. 

A word of caution should be given at this point for those who have never 
made color comparisons and therefore may be under the impression that this 
is a simple matter. The difficulties of such an examination will be recognized by 
any individual who has made many color measurements. Even the simple 
problem of the comparison of intensities of two solutions of the same color is 
quite difficult when it is attempted visually. The more complex problem such as 
we have in the comparison of dried ink writing involves even greater difficulties. 
In this latter case it is necessary to select a combination of three colored tintome- 
ter glasses out of several thousand possible combinations. It is hoped that the 
resultant color of the final selection matches that of the ink line. As a matter of 
fact, however, the color of the ink line is usually not uniform throughout a given 
area, but is a heterogeneous mixture of the several pigments present, so that the 
portion to be matched is not even clearly defined in many cases. It is possible 
that future research with reflectance or transmission spectrophotometric meas- 
urements may provide the means of eliminating these difficulties (see Chap. 43). 
The work of Casey and Bailey has shown that the color of ink stains on paper 
may be compared spectrophotometrically.^s An extension of this work will, no 
doubt, permit a comparison of the colors of ink lines. 

13. DIFFICULTIES, LIMITATIONS, AND PRECAUTIONS 

The many practical difficulties, over which the document examiner has no 
control, are usually sufficient to defeat any attempt at the estimation or com- 
parison of the age of writings. In some cases however, the methods enumerated 
in sections 14-17 may prove helpful. In general they are applicable only to iron 
gallotannate inks. At the appropriate places in the text certain precautions are 
pointed out for the guidance of those who wish to employ a particular method. 

Many factors influence the appearance of ink writing. Consideration there- 
fore must be given to these factors since they may also influence the results 
obtained m the various examinations suggested below. The factors are : 
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The Condition of the Tnlc 

Did the ink contain sediment? What was its fluidity? Was a blotter used? 
\\ hat was the type of pen and its condition? Was it a steel nib pen or fountain 
pen? ^\ as there any old dried crust on the nib? Did it regulate the flow of ink 
on to the paper so that a more or less even distribution was obtained? 

In general, anything that influenced the volume of liquid ink per unit area 
of paper is of unportance in that the appearance and condition of the writing 
is affected by any variations. 


Composition of the Ink 

The variations in chemical compounding of ink by different manufacturers 
or even by the same manufacturer result in dilferences in appearance of ink 
writing, e\ en though all other conditions were the same. In particular, if the 
proportions of the principal ingredients (ferrous sulfate, gallic and tannic acid) 
are not within certain limits, the writing may become prematurely rusty; this 
condition should result <^for good inks) only after the writing is extremely aged 
and the organic compounds have completely decomposed, leaving only the 
comparatively stable inorganic constituents. 


The Kind of Paper Used 

Did the paper contain aluminum hydroxide sizing, or alkaline loading 
material such as calcium carbonate that would hasten the oxidation of the ink 
by reacting with the acid in the ink? Variations in absorption by papers also 
affect the appearance of ink writing. 


Storage Conditions 

Under what conditions w^ere the writings kept? Exposure to light and 
dampness w ould result in an older appearance than that which a writing would 
have if it had been stored in a dark and dry" place. 

Since it is impossible in most cases to know" w hether these factors are similar 
in the case of two documents which are to be compared, it should be ob\dous 
that ^reat caution must be exercised in expressing an opinion of the comparative 
aees of the two writings. In certain cases it may be possible to do so, but the 
conditions listed above must be known to be similar, and in general the results 
obtained in the examination must be considerably different before the document 
examiner is justified in submitting a report that two writings were not made 

at the same time. 


CHEMICAL METHODS FOR THE ESTIMATION OF 
THE AGE OF WRITING 

14. TIME OF REACTION 

Mitchell suEtgcsis that for iron gallotannate inks a 5 per cent oxalic acid 
solution is the reagent to use in making the tests upon the writing in question. 
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The method is based on the relative rates of the phenomenon observed ; these 
rates are said to be dependent upon the age of the writing. 

In recent writing the reagent (oxalic acid) bleaches the black portion (iron 
tannate) of the ink and the provisional dye spreads out on the paper; in old 
writing the same reagent requires a much greater time to bleach the black 
portion of the ink and little, if any, diffusion of the blue dye occurs. The reason 
advanced for this latter result is based upon a change of the iron tannate from a 
soluble to a resinous and more complex form which encloses the provisional dye- 
stuff so that the reagent is unable to quickly affect, or react with, the constituents 
of the ink. Thus in recent writing all the pigments are affected and diffusion is 
general, while in aged writing the diffusion occurs only on the surface of the ink 
and does not affect all the pigments of the ink. Any estimates of the age of ink 
witings formed from the data on the rate of reaction and the amount of diffusion 
are valid only when the differences are pronounced. Of course, it is also necessary 
that the inks be of the same type and the ink density, as shown by low-power 
microscopic study, be approximately the same. 

Another method which has been suggested^* also depends upon the time 
required for a very dilute solution of an oxidizing agent, such as hydrogen 
peroxide or bleaching powder, to make the writing disappear. It is claimed that 
with a bleaching powder solution of specific gravity 1.001, the time required for 
known writing 1 day old to disappear was 6 minutes; 6 months old writing 
required 9 to 12 minutes; 1 year old writing required 20 minutes; older writings 
reacted as follows: 2 years — partly disappeared, 14 years — slightly affected, 

'' j ^ I ^ill, in 20 minutes of reaction time. Of course, the 

difficulties and limitations heretofore mentioned also obtain in the use of this 
method. 

15. BLUE DYE AS EVIDENCE OF AGE 

C. E. Waters studied the possibility of using the provisional coloring 
matter, i.e., the blue dye that is added to the ink, as a means of estimating the 
age of writing. This investigation was brought about because of a common 
belief that the presence of a blue dye in writing proved that the ink could not 
be more than fifteen years old. As a corollary, the disappearance of the dye 
proved that the ink writing was over fifteen years old. Waters used writings of 
known ages in his investigation. He found that the oldest writing to contain a 
blue dye was made in 1881 and was fifty-two years old at the time of the tests. 
Some later writings were found that did not contain any blue dye. 

Mitchell « claims that aniline blue dyes were employed in the manufacture 

of blue-black inks from about 1880 on. He traced the presence of a blue dye 

pi^ent in the writing of old ledgers back for thirty-five years, the oldest 
wnting having been made in 1885. 

As a result of these studies it may be said that the presence or absence of a 
synthetic blue dye in ink tvritings is not a dependable criterion for the age of 
wnting made after 1880. If an aniline blue dye is found in writing alleged to 



474 


AX INTRODUCTIOX TO CRIMIXALISTICS 

have been made before 1880, considerable doubt is created as to the correctness 
of the assertion; if alleged to have been made before 1856, the year in which 
Perkin prepared the first synthetic dye, the allegation is unequivocally false. 

16. CHLORIDE ION AND SULFATE ION DIFFUSION 
AS E\TDENCE OF AGE 

Mezger, Rail, and Heess®^-^ ®' proposed to use as a means of estimating 
age the rate of diffusion of the chloride ions or sulfate ions of the acid that is 
added to delay sedimentation in nutgall and other inks. Sulfate ions also are 
present because of the ferrous sulfate used in compounding. The halo of the 
developed chloride or sulfate picmre (Chap. 3'’) depends upon the diffusion or 
migration of the ions, which in turn depends upon elapsed time; the longer the 
time, the greater the diffusion and the greater the halo spread. Other investiga- 
tors,®*- employing the method for chloride ions, examined various commercial 
inks and reported that it was unreliable for determination of the age of ink 
writing the previous history- of which is unknown. 

If one is able, however, to determine under what conditions* the orictinal 
writings were supposed to ha\'e been made and the conditions under which 
they were subsequendy kept, it may be possible, in certain cases where these 
conditions are similar, to compare the ages of two writings by this method. The 
most suitable writings for comparison are those alleged to have been made at the 
same time and on the same piece of paper. Counterclaims that some of the 
writing was added some time after the original writing may be investigated 
fruitfullv by chloride and sulfate picture methods. 

17. THE OXIDATION OF FERROUS TO FERRIC IRON 
AS EVIDENCE OF AGE 

Rhodes^' suggests that for iron nutgall inks, the rate of oxidation of ferrous 
iron to ferric iron be used as the basis for estimating the age of wTitings up to 
tweniv days, after which time the oxidation is substantially completed. The 
reagent, a 1 per cent solution of a, a'-dip\Tidyl ( more correcdy, 2, 2'-bipyridyl) 
in 0.5 .N hydrochloric acid forms a pink -colored compound with ferrous ions, but 
no color is developed by ferric ions. The reagent is applied to the ink line for one 
minute and then picked up on filter paper. The pink color produced by the 
reaction of the reagent with the ferrous iron completely separates from the blue 
zone caused bv the pro\ isional dye in the ink, to form a zone of its own. A series 
of color standards must be freshly prepared for comparison with the coloration 
produced when the ink is tested. The color standards are prepared from an 
aqueous solution of ferrous ammonium sulfate containing 0.00 05 g of iron per g 
of solvent. The scries of standards is prepared by placing quantities of solution, 
weighing from 0.00 1 g to 0.03 g, on pieces of filter paper, adding a drop of the 

■ By this is meant: Was the same pap^r used.^ The same ink? Was one writing blotted, 
the other not^ Were they stored in an identical manner as to light, dampness, heat, and 

circulatinst air? 
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reagent and a drop of water. The color cornpari.son.s are made when the spots 
are dry. 

In practice, then, the method resolves itself into choosing similar ink lines 
for comparison and then, by means of prepared standards, comparing the 
amount of ferrous iron transferred to a filter paper in each case. The method, 
therefore, is qualitative or at best scmiquantitativc. The same precautions here- 
tofore mentioned must be observed in this case, namely, the differences should 
be very pronounced before one is able to state that two writings, claimed to have 
been made at the same time, were not written at the time alleged. Other sources 
of difficulty in the Rhodes method are: 

If indigo was used as the provisional color the method may not be used ; 
however, the usual synthetic provisional dyes do not interfere. 

Those inks that initially contained a smaller quantity of iron than usual 
cause complications. In these cases the conversion of ferrous to ferric ions is 
accomplished in 15 days (instead of 20). Thus if traces of ferrous ion are found, 
it is necessary to make a microdetermination of the quantity of iron present. 

Although Rhodes, in the introduction to his article, makes the claim that 
his method is based upon the rate of oxidation of ferrous to ferric ions, we have 
seen that in practice, with unknown written documents, this is not .so. Any 
differences in ferrous iron between two writings may merely reflect differences 
that existed originally in the iron content of the two inks or in the amount trans- 
ferred to the filter paper. A more sati.sfactory procedure would be to determine 
also in every case the total quantity of iron transferred to the filter paper. This 
information would then be used for the calculation of the ratio of ferrous to total 
iron. This factor would be a better means of comparison than ferrous iron alone. 
If sufficient writing is available for test purposes, several examinations should be 
made, the average result computed, and used as the basis of comparison. 

This method would be most suitable for an examination of two recent writ- 
ings alleged to have been made at the same time, with the same ink, on the same 
paper. Close agreement in the ferrous to total iron factors would indicate that the 
writings were made at the same time, whereas a considerable difference in these 
factors would indicate that they were not made at the same time. 


18. ARE THE INKS FROM THE SAME BOTTLE? 

It is obvious that if it were possible to demonstrate that two ink writings were 

made with the same ink from the same bottle, many difficulties which ordinarily 

beset the document examiner would be lessened considerably. The methods that 

have been suggested as a means of obtaining data pertinent to this question are 
physical in nature. 

The first method proposed was that of Osborn« who listed several ways in 
which two ink lines written with different inks of the same type may differ The 

possible variations in the appearance, as determined by visual and microsconic 
examination are: ^ 

(a) Color - Differences in this factor are determined by comparison of the 
general appearance, range of contrast between light and dark portions. 
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manner of variation of tints, secondary colors (as \dewed obliquely by 
reflected light), and gloss or sheen of the two lines. 

(h) Characteristics of margins of strokes — smooth or ragged? 

vc) Degree of penetration of ink into paper. 

(d) Amount of sediment (particularly in blotted or thin portions). 

(e) Characteristics of color in blotted portions of writing. 

W hen these possible variations are considered in conjunction with the factors 
that influence the appearance of ink >\Titing on paper (v.s., sec. 13) it is easy to 

a ’s suggestions may be useful in distinguishing between 

two writings made with the same type (but not the same bottle) of ink. Of course, 
two writings made with the same ink, but on different types of paper and with 
different pens, may also appear to have been made with two different inks; 
therefore the method is perhaps best suited to show that two writings were made 
with the same ink. It should be obvious that it is very difficult, although not 
impossible, to duplicate all the minor differences that may exist between two 
writings unless the ink came from the same bottle, and all other conditions were 
similar. 

Mitchell and Ward suggesf^** ^ that the sediment, which occasionally is 
found in ink lines, may be sufficiently characteristic to identify two writings as 
ha\ ing been made with ink from the same bottle. 

Several reasons are advanced by these authors for sedimentation in the ink 
container and in the dried ink stroke. They may be classified as follows: 

(a) Sediment Resulting from Substances Thrown Out of Solution — With 
age it is normal for some sediment to settle to the bottom of the ink 
container. Precipitates are also formed in uncovered ink containers after 
too much water has evaporated. Incorrect compounding of the ink also 
causes precipitates to form. Thus an excess of ferrous sulfate or too high 
a percentage of gallic or tannic acid may result in sedimentation. Per- 
mitting the pen to remain in the ink well may have the same effect as 
excess ferrous sulfate. The alkali of a glass ink container may aflfect the 
pH (equation 2) and cause some sediment to be deposited. These pre- 
cipitates may be transferred to the pen and then left as a deposit in the 
ink writing. 

(b) Sediment Resulting from E.xtraneous Materials — A bottle of ink may 
be contaminated by dust or plant debris such as pollen and starch grains, 
insect fragments, mold, fibers, etc., which are floating in the air. Ward" 
claims that the insoluble matter in ink writing, because of its character- 
istic structure and arrangement as observed microscopically, may be of 
considerable value in identifying ink as coming from a particular bottle 
or receptacle or in indicating the common source of the writing on two 
or more different documents. It should be pointed out that if an uncom- 
mon material is found as a sediment in both writings, a high probability 
exists that both were made with ink from the same bottle; if the sediment 
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is the precipitate of a constituent of the ink, the probability is not nearly 
as great that the writings were made with ink from the same bottle. 

The technique used in this examination requires that an ink line be 
examined under a microscope at medium power (lOOX). Those portions 
of the ink line which were blotted or which for some reason contain less 
pigmentation should be selected as the place of examination since the 
sedimentation may be more easily observed at these points. A filter, 
made from the same type of ink but diluted with water, is used to elimi- 
nate the color of the ink line and to reveal the sediment as dark matter 
against a light background. Ward claims that ferric tannate in fused 
phenol makes a superior filter medium to that suggested above. Photo- 
graphic filters are also quite useful for this purpose. 

As in all ink problems it would be wise to exercise caution in employ- 
ing these data as the basis for any positi\’e findings that two writings were 
made with the ink from the same container or were not so made. Only 
when the results are unique may the examiner make categorical state- 
ments about his findings. 


£X£RaS£S 

1. The student should obtain several commercial samples of each type of ink and 
perform the tests using the reagents shown in Table 23. It would be well to conduct the 
tests in test tubes as well as on the dried writing. 

2. The student or apprentice document examiner should obtain several samples of 
different brands of iron nutgall (blue-black) ink, A file of known writings of different 
ages should be started and maintained. The same pen and ream of paper should be 
used in preparing these specimens. After a sufficient time has elapsed, the various tests 
for estimating the age of ink writing should be employed in the examination of the 
known or prepared samples. 

Other samples of writing of known age such as dated letters, written reports, and 
old lecture or stenographic notes may be collected. In these specimens the type of pen, 
paper, and constituents of the ink will more closely approximate the situation that con- 
fronts the examiner when an unknown document is submitted for examination. Examine 
these samples as though they were of unknown age. The results obtained for each set of 
unknown writings should be compared with each other and with the known facts regard- 
ing theb ages. 
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CHAPTER 35 

ERASURES AND 
OB LITER A TIONS 


The detecrion and deciphering of alterations is one of the major problems in 
document examination. Checks, wills, insurance policies, passports, licenses, 
birth certificates, and official records are often the subjects of alterations made 
with criminal intent to defraud or deceive. Documents not concerned with crime 
are also submitted to the laboratory for the purpose of making legible writing 
which has become faint because of wear, expKJsure, immersion, or other abuse. 

For the purpose of this chapter, alterations are divided into two classes: 
erasures and obliterations. Erasures will be understood to mean removal of 
writing from paper. The term obliterations will refer to the obscuring of writing 
by sup>erimposing ink, pencil, or other marking material. 

1. TYPES OF ERASURES 

An erasure may be made by mechanical or chemical means. Rubber pencil 
erasers, ink erasers, and scratch knives are familiar examples of abrasive mate- 
rials that are used for mechanical erasures. Chemical eradicators usually consist 
of two compounds : an oxidizing agent which decolorizes or bleaches the pro- 
\dsional blue dye of iron nutgall inks, and another agent which removes the 
ferric tannate by change of pH^ reduction, or complex ion formation. It is not 
possible to eradicate chemically inks of the carbon black (chinese) and nigrosine 
type. Other classes of inks can usually be eradicated chemically. 

2. TYPES OF OBUTERATIONS 

Occasionally a person crosses out or obliterates immediately after writing. 
In a case of this type the wrriting pigment and the covering pigment generally 
arc the same. In other cases the two pigments may be different- Thus pencil 
may be obliterated by ink, or one ink by another ink of different color; crayon 
may be smeared over pencil or pen wniting. Other inscriptions such as those 
made with typ>ewritcrs and rubber stamps,* as well as printed matter in general, 
c.g., letterheads and return addresses, are also found obliterated, usually with a 
pigment different from that of the original writing. 

• Dates, endorsement forms for checks, and receiving time for mail are common examples 
of rubber stamp inscriptions. 
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3. METHODS FOR DETECTING THE PRESENCE 
OF ERASURES 


Erasures that were made Ijv mechanical means are usually and 

easilv detected by visual inspcciiun (cT. Fiit. 224a). The remo\’al ul pan (he 
paper makes the erased area more traiisluceni when held fjcfore a strone liehi. 
Examination under oblique lis^htin" or with a Gn enom^h Innocular mirros( o|j(t 
mav be necessary to discover a skiilhilly mad<* erasure fl'i^. 224lj). W hen 
petroleum ether (benzine), carbon, tetrachloride, or oilier (jn^anic s<jKeiit is 
dropped onto a paper, it spreads and moistens the paf^er until it reaches the 
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Fig. 224. A skillfully made erasure which 
is not detectable by a casual inspection. 

Photographed (a) as seen normally; (b) as 
seen in oblique lighting; fc) by means of a 
process film transparency; (d) with process 
pan film and a Wratten 21 filter; (e) with 
infra-red film and a Wratten 70 filter. 

(e) 

erasure, where, instead of moistening this area also, it proceeds to travel along 
the boundary and later penetrates the erased area. 

If the erased area was written over with ink, a rough, line com- 
monly is present instead of the usual smooth line. This, howc\'er, is not in itself 
sufficient indication that an erasure has been made, since poor quality sizing 
may be the cause. If this latter condition exists, the feathered ink lines will 
usually be found throughout the entire text and will not be confined to a small 
area. Thus, physical evidence other than feathering must be found l}efore the 
presence of an erasure is established. A photographic method that is sumeiiines 
of value consists of using the paper as a negative and contact printing through it 
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on a process film, which is used in place of photographic paper. Film is used 
because of the greater contrast that is possible and because it is more satisfactory 
to examine the film by transmitted light than to examine a regular print by 
reflected light. In addition, printing the (process film) transparency on No. 5 
photographic paper may also be used to further increase the contrast (Fig. 224c) 
Viewing the paper under ultraviolet light may disclose an erasure by a difference 
in fluorescence or appearance caused by a disturbance of the surface fibers of 
the paper when made mechanically, or by a discoloration or stain when made 
chemically. However, if the eradication was not made recently or if the area was 
carefully washed with distilled water, it is possible that ultraviolet light may not 
reveal the presence of the eradicated area. Ink eradicators may also cause the 
color and appearance of the paper to be changed so that mere visual inspection 
will disclose the fact that an erasure was made. 

Other methods are available when it is suspected that an ink eradicator 
was employed. These methods are based on chemical tests for a constituent of 
the eradicator, and will be discussed below in the following stepwise procedure 
that is recommended as a systematic method of examination : 


Physical Methods 

VISUAL INSPECTIOII 

Artificial light, varying in intensity and reflected at different angles, is used. 
Oblique lighting is particularly helpful. Transmitted light is also very useful. 
MechfUiical erasures and sometimes chemical erasures are disclosed by this 
simple exzimination. 

ULTRAVIOLET UGHT 

This is useful in disclosing both types of erasures — mechsmical or chemical. 

PHOTOGRAPHY 

The methods involving photography (printing the paper as a negative on 
process film) or organic liquids (petroleum ether) are useful in confirming any 
doubtful results of the visual and ultraviolet light examinations. These processes 
may also be used as independent methods of examination. The document may 
sometimes be profitably ex amin ed with various photographic filters. 


Chenucal Methods 

The remaining methods are chemical in nature, and in some cases may be 
used to confirm the results obtained by the physical examination, or may be 
used independently. The type of chemical eradicator may be determined in 
some cases. This information will be useful if an unusual eradicator, such as a 
stannous chloride or titanous chloride was employed and the eradicator found 
in the possession of the suspect was also of the same type. 
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UNIVERSAL INDICATOR PAPERS 


There are available commercially several wide-range pH indicator test 
papers* that may be used to determine approximate pH values. Merely pressing 
a piece of moistened indicator test paper against the suspected area of the docu- 
ment is sufficient to determine if any acidic or basic substance has been used. 


Many eradicators require an acidic solution, i.e., a low pH value, in order to 
function. A comparison test must also be made on a part of the paper or docu- 
ment which is not close to the suspected area. 


STARCH-IODIDE PAPER 

When starch -iodide paper is moistened and touched to an area on which a 
hypochlorite eradicator was recently used it turns blue. This test is based on the 
oxidation of the iodide to iodine and the formation of the characteristic blue 
color with starch. A control test must be made on an untouched area of the 
paper. 


AMMONIUM SULFIDE VAPOR 

If a stannous chloride or other inorganic reducing reagent was used to 

eradicate the ink writing, ammonium sulfide vapor will turn the area a dark 

brown-black color and will not affect the remainder of the paper. The paper 

must be observed carefully during this process, for it is possible that the erased 

writing will also be developed. If this occurs, the developed writing should be 
photographed. 


4. PHYSICAL METHODS FOR RESTORING ERASED 
WRITINGS 

The deciphering of erased writing requires considerable patience and 
resourcefulness. Although the choice of a successful technique is ordinarily un- 
predictable, one should not rely merely on randomly selected favorite methods. 
A systematic procedure should be followed, the methods least damaging to the 
document being employed first. Many of the methods already prescribed for 
the detection of erasures are effective also in revealing the nature of the writing 
itself. In general, the means employed in physical methods are magnification 

manipulating sources of visible radiation, invisible radiation, fluorescence, color 
contrast, and tonal contrast. 


VISUAL AND MICROSCOPIC EX AMINA TIONS 

The paper is illuminated with light varying in intensity and is moved so that 

the light IS reflected at all angles. In particular, the inspection should be made 

very c^efimy when the angle is oblique. Erased pencil writings are sometimes 
made legible by oblique lighting. 

The ordmary hand glass and the linen tester or pick glass that are used in 
fangerpnnt work may sometimes be useful for this work. The Greenough 

& Co. Wide-Range Indicator Paper (No 
) Central Scicnufic Co. Gramercy /.// Range Finder Paper-Eimer and Amc^d. 
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hiniicular mlcroarupr, ho^rvrr* will br ibund mM utirfactory Small fracmrmi 
of writing ingincnt can br trm whm magnifird. Thuft« it if furnTtiiDCf pnmlAi 
to fc»rm a pattern or to rstablUh a oonnrction mmtaliy among the variouf pig. 
inrnt parttcirt and thrrrljy dreiphrr, letter by letter, the original writing la 
the lalx>ratary one soon learns from experi en ce that usually only certain worda, 
i>r paru of a word, become visible by this method. However, when studied in 
connection with the results achie\ed by other means it may be pomble lo re* 
store satisfactorily the original writing. 

f 7 //7^.1I70/.£T Liam 

Some colored inks are fluorescent. It is puasibir that an erasure made 
mechanically with such an ink has not remm-ed all of the ink, so that fluorescent 
traces may be seen in the interstices of the paper under ultraviolet light. Further- 
more, since pencils and inks in general potsess characteristics difTrretit from those 
of paper, partly erased or otherwise illegible writing may be restored by photo- 
graphing any results obtained in this manner. Chapter 17 discusses the procedure 
employed in photographing objects in ultraviolet light. 

POLARIZl-'l) LIGHT 

I'he examination of the document in polarized light is most easily accom- 
plished by the illumination obtained frt>m light transmitted through a polarizing 
screen such as is used in photography. Another polarizing screen is used to view 
the paper; it is necessary- to rotate the latter screen until extinction is obtained. 
A polarizing microscope at low power can also be used for this purpose. This 
method is useful for pencil writing, and depends on the presence of small traces 
of graphite which arc not visible in ordinary light but which can sometimes be 
detected in polarized light. Thus the additional contrast which is occasionally 
achieved may be sufficient to make the writing decipherable. Any resulu ob- 
tained by this meihcxl should be photographed. Chapter 15 discusses the prob- 
lems involved in photographing objects illuminated by ptjianzed light. 

PHOTOGRAPIir 

Process film is useful for increasing contrast so that partly erased, illegible 
(pencil or colored ink) writing may sometimes be deciphered m the photo- 
graphic prim. In addition, panchromatic film, including proc« pan, must ^ 
be considered as a method for the delineation of erased ink writing (Fig. 224d). 
Of course, the proper filter must be selected for each ink. If other writing re- 
mains on the document it is usually possible to determine from the contc^ 
whether the deleted writing was made w-ith the same ink. If this is the ^ die 
filter may be chosen by theoretical and empirical considerations; 
several different colored filters, such as red, yellow, blue, and green, sho 
tried. The filter is placed before the cyr and the erased area is examined. Any 
filter which enables one to read the writing or seems to increase the contrast is 

used to photograph the document. 
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Infra-red film should also be tried if no rc'sults are achie\’ed by the above 
methods. Lead pencil and certain inks are opaque to infra-red rays so that it is 
sometimes possible by this means to olitain an increase in ccjntrasl and render 
the writing legible (Fig. 224e). Cha|)ter 17 discusses the techniques of jthoiog- 
raphy with infra-red film. 

5. CHEMICAL METHODS FOR RESTORING 
ERASED WRITINGS 


If the physical methods fail to re\’eal the nature of the erased ink writing, 
chemical methods should then be employed. Generally, these metliods make use 
of the residual traces of the ink constituents that remain in the interstices of the 
paper fibers because they are difficult to remo\ c completely. Unfortunately these 
methods are applicable only to ink writing as there arc no chemical methods 


assailable (except iodine fuming) to develop erased pencil writing. Since it is 


always advisable to alter a document as little as po.ssible in laboratory |)roce.ssing. 


the methods which are used first should be tho.se that employ easily volatilized 
reagents; it is only when fuming methods fail that liquid reagents should be 
applied to the paper. The apparatus used to fume documents are shown in 


Figs. 229 and 230. The large fuming chamber is mexst useful when the reaction 


takes place slowly and the reagent pos.se.s.ses sufficient vapor pressure at room 
temperature to permit prolonged e.xposure. These reagents may be aqueous 
solutions of chemicals such as ammonium polysulfidc and ammonium hydroxide, 
or solids that easily sublime, such as iodine. The smaller ajiparatus is most useful 
when the reagent is a gas and must be prepared through double decomposition. 
Potassium thiocyanate or iron pyrites is placed on the bottom of the Erlen- 


meyer flask and the dilute hydrochloric acid (about 10 per cent) is added through 
a separatory funnel. The gas wTich is generated is pumped out of the flask by 
squeezing the rubber bulb. The mouth of the funnel is placed over the paper 
so that the gas comes in contact with the erased area. 


The remainder of this section will be concerned with those reagents that 
are most useful for each type of ink. However, it is ads isable that all erasures, 
regardless of the type of ink, be subjected to the volatile reagents discus.sed below, 
since there is a limited number to be tried and they often yi.-ld results c\en 
though predictions based on theoretical considerations w'ould not indicate their 
usefulness. Quite frequently these unexpected results may Ijc attributable to 
traces of iron that are present in an ink, although no iron compound has been 
added as such. This iron contamination may be caused by imjiurities in the 
original compounding materials or to steel pen nibs that may have been used, 
some iron dissolving each time the nib w'as dipped into the ink. 

It will be seen in Chapter 36 that the reagent which should be used to 
develop secret writing must be selected fortuitously. In the present case, how- 
ever, the document examiner is usually fortunate in has-ing some unerased por- 
tions of the writing present on the document. Thus by a simple analysis it is 
possible to determine which is likely to be the most suitable reagent, if the 
fuming methods fail to develop the erased writine:. 
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Gaseous Reagents 

The gases below are listed according to their usefulness and the order in 
which they should be used. In all cases it is advisable to steam the erased area 
slightly or to have an open beaker of water present in the fuming chamber. 
This is necessary because moisture assists in the ionization of the reagents. 

THIOCTANIC ACID — [HCNS] 

This reagent was proposed by O’Neill ^ and is more useful than ammonium 
polysulfide for developing erased iron tannate ink. It possesses many advantages 
such as great sensitivity, contrasting (red) color of the redeveloped writing, and 
simplicity of apparatus and technique. 

The chemistry of the reaction is : 

KCNS + HCl — > HCNS j + KCl 
6 HCNS + 2 Fe-^ Fe[Fe(CNS)6] + 6 H+ 

(red) 

Partly redeveloped writing may be read with greater ease through a blue 
filter since this increases the contrast of the redeveloped red writing and reduces 
the contrast of any blue wiriting that may obscure the results (Fig. 225a). 

AMMONIUM POLYSULFIDE— [{NH^)2Sr\ 

This reagent is quite useful and has been successfully employed for a much 
greater time than thiocyanic acid. It is usually necessary to expose the document 
for several hours in order to have the sulfide vapor bring out the erased writing. 
This enables one to view the document frequently during the processing so that 
it is easy to control the development of the writing and, at the same time, to 
control and keep to a minimum any stains or other objectionable developments 
that may also start to occur (Fig. 225b). A fuming chamber is used to expose 
the document to the vapor. This apparatus is cumbersome in the field, hence 
the more readily portable arrangement of the Erlenmeyer flask and rubber bulb 
is used when it is necessary to examine a document that cannot be removed to 
the laboratory (see Fig. 230). Gentle heat may be necessary to increase the 
sulfide concentration in order to have the reaction take place more rapidly. 

The chemistry of the reaction is : 

2 Fe+++ + 3 (NH4)2S FesSs j + 6 NH4+ 

Iron sulfide is ordinarily black but if the conditions are such (as they often 
are) that a colloidal sulfide is formed, the color may vary from a brownish green 
to greenish blue. This, of course, is a decided disadvantage when compared with 
the red color of the ferric thiocyanate and the consequent possibility of increasing 
contrast by means of light filters. 

Residual traces of copper that might be present after certain types of log- 
wood ink were erased will also form black cupric sulfide when this reagent is 

employed. 
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Hydrogen sulfide may be used instead of ammonium polysulfide but it pos- 
sesses no particular advantage. In certain respects it is a less satisfactory reagent. 
For example, the increase in hydrogen ion concentration results in a lower 
concentration of sulfide ions. These concentrations are related according to the 
solubility product of hydrogen sulfide as follows : 

cyxCs-^ 10 - 2 ? 



Fig. 225, Erased writing restored by: (a) 

gaseous thiocyanic acid; (b) ammonium 

polysulfide vapor; (c) a solution of potassium 

thiocyanate; (d) a solution of ammonium 

polysulfide; (e) ammonium hydroxide 
vapor. 


IODINE 



Iodine IS a solid that sublimes at ordinary temperatures. To fume a docu- 
ment, crystals of iodine are placed in an evaporating dish in the bottom of the 
turning chamber. The sublimation may be hastened by heat. However if time 
^imits It IS advisable to fume the erasure cold ; i.e., after the document is placed 
the fummg chamber, the iodine crystals are allowed to sublime at room 
emperature, with no external heat applied to assist in the volatUization. This 
may require several hours to a day or so, depending upon the number of 
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crystals and the temperature of the room. The probability of success is increased 

if this precaution is observed. In addition a more satisfactory result with respect 

to staining is also possible because of the greater control the examiner has over 
this effect. 

Iodine is the only chemical method that is available for developing erased 
pencil writing and, in some cases, erased inks of the Chinese (carbon) and 
nigrosine types. The usefulness of iodine is said to depend upon its diflFerential 
absorption by the fibers of the paper which formerly contained the writing (see 

p. 690). 


AMMOMA 

Ammonia is a gas that readily dissolves in water to form a solution with 
weakly alkaline or basic properties. On standing in a fuming chamber an 
aqueous solution of ammonia saturates the atmosphere of the chamber ^vith 
ammonia gas. At the erased area on the document ammonia is again dissolved 
in the adsorbed moisture or the water and absorbed by the fibers of the paper. 
The resulting basicity in the area enables the residual traces of iron in the erasure 
to form ferric hydroxide : 

4 

Fe^ + 3 OH-^ Fe(OH )3 i 

reddish-brown 

The reddish-brown color of ferric hydroxide is usually not intense, so that the 
contrast developed in the erased writing is not great. Consequently thiocyanic 
acid and ammonium polysulfide are preferable as reagents for restoring erased 

colored compounds 

with ferric ions. 

The availability of ammonia and the simplicity of fuming recommend its 
being tried on all erasures that have not been developed by the other gaseous 
reagents. Either type of fuming apparatus may be used. Steaming the erasure 
slightly before exposure to the ammonia will assist in redeveloping the writing 

(Fig. 225e). 


iron nutgall ink wTiting, since these reagents form intensely 


Liquid Reagents 

The use of solutions to develop erased writing is not usually advisable, 
because of the possibility that the document may be stained chemically or altered 
by smudging of the unerased writing. These objections, particularly the latter, 
may be controlled or eliminated by careful application of the solution and 
constant observ ation while it is on the paper. 


If the paper bearing the erasure is not to be used as evidence (for example 
where an insurance company desires to read an erasure for its own guidance on 


an application ior a policy'), or if the paper has no value unless the erased writing 
is developed, it is advisable to try solutions of suitable reagents after the fuming 
techniques are found to be unsuccessful. The higher concentration of these re- 
agents makes it possible sometimes to redevelop erasures when all other methods 
have failed. This success is due to the fact that in the latter case the solubility 


oroduct of some compound is exceeded (see Fig. 225c and d). 
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PROCEDURE 

On those documents that bear writing which has not been erased, a simple 
analysis (Chap. 34) is made of the ink used in the writing to determine the type 
that was probably used in the erased writing. The reagents which are most 
likely to be fruitful are selected on the basis of these tests. When no unerased 
writing is available, the reagents indicated below for iron nutgall inks are 
used first. 

The concentration of the reagents is approximately 20 per cent by weight; 
they are made by dissolving 20 g of the compound in 80 ml of distilled water. 
The reagent solution is applied with a capillary pipette to a small area of the 
erasure. This is carefully observed for the reappearance of the writing and for 
deleterious effects such as chemical stains. Blotting paper is used to remove the 
reagent and to keep any excess from spreading to adjacent areas, particularly 
if there is unerased writing present in those areas. If any writing fails to develop, 
the reagent is removed with blotting paper and another reagent is tried. If the 
writing is brought out, it is advisable to photograph the results immediately, 
for in certain cases the redeveloped writing is transitory. 


IRO^r T ANNATE {NUTGALL) INKS 

Iron nutgall ink is the most commonly used type of ink and fortunately is 

also the most easily developed by chemical methods. From an inspection of the 

contents of this type of ink (Chap. 34) it is apparent that the constituent most 

suitable for development is iron. Thus, many well*known reactions employed in 

qualitative analysis for the detection of iron compounds are used to renew the 
erased writing. 

Sodium, potassium, or ammonium thiocyanate, sulfide, or hydroxide are 
useful reagents that may be applied in solution as well as in vapor form (Fig. 
225c and d). The chemistry of the reactions was described above. Other reagents 
which cannot be volatilized or sublimed are also available for use in the form 

of solutions. For example, potassium ferrocyanide reacts with ferric ion to form 
a dark colored compound called Prussian blue. 


4 Fe+^ + 3 K^FeCCN) 


6 


Fe4[Fe(CN)6]3 -1- 12 K+ 

Prussian blue 


Tannic acid and gallic acid react with ferric ion to form the dark -colored com- 
pounds that are called inks. The reapplication of these acids, either alone or in 
mixture with each other or with ammonium thiocyanate may result in the 

irSapto 34°^ same as that explained 

is ™^y nutgall inks because of the acid that 

Aat ^ used to supply the necessary iron. The methods and chemistry of convert- 
g these constituents into colored compounds are discussed in Chapter 37 
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(c) 


Fig. 226. Endorsements on a green colored check obliterated with a 
blue crayon. Photographed (a) as seen normally; (b) with proceM 
pan film and a Wratten 60 filter; (c) after removal of the crayon with 
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LOGliVOD LXh'S 

Chromium and sometimes copper salts are present in this type of ink. Tests 
therefore should be made for residual traces of these metals in the erasure if 
the other writing on the document was made with this type ink. If the type ol 
ink used in the original writing is unknown and if the tests for iron fail, these 
tests should be tried. Chapter 37 discusses the techniques and chemistry of the 
methods employed. 

Chlorides and sulfates may also be tested for, since acids are added to log- 
wood inks. 

CARBOjX BLACK {CHINESE) AND NIGROSINE {INDLEIN) INKS 

The only chemical method available for these types of ink is fuming with 
iodine. These inks are inert to chemical reagents and must be removed by 
mechanical methods of erasure. Any inorganic salts that might be present in the 
original ink are likely to be negligible in quantity after an erasure of this type 
is made. However, the extreme simplicity of fuming methods requires that they 
be used even though theoretical considerations offer little hope for success. 

6. METHODS USED TO DECIPHER OBLITERATED 
WRITINGS 

If the obliteration was made with the same instrument that was used for the 
original writing, it is usually very difficult to decipher the contents. A procedure 
that is sometimes successful depends 
upon a careful optical examination 
of the document. The unaided eve, a 
hand magnifying glass, and a low- 
power binocular microscope are used ; 
in each case the light is allowed to be 
reflected from all angles and the 
intensity of illumination is varied. 

Typewriting that is crossed out with 
“x” may be deciphered similarly. If 
the typewTiting was deleted with ink, 
careful visual study, particularly with 
oblique light, may be helpful. Depres- 
sions in the paper which are made by 
the type may also be seen in this 
manner. In any event, perseverance 
and patience are required to recon- 
struct successfully the original writing. Many times only a few letters or words 

\vill be deciphered; the context may make it possible to deduce the rest of the 
word or sentence. 

If the writing was obliterated by means other than with the pigment of the 
onginal writing (Fig. 226a), there is a much better chance of its being restored. 
In addition to the visual and microscopic examinations, photographic techniques 



(b) 


Fig. 227. Restoration of an obliterated writ- 
ing in which two different types of ink were 
used: (a) as seen by the eye; (b) photo- 
graphed with infra-red film. 
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using panchromatic film, infra-red film, and appropriate filters are suggested for 
their possibilities (Fig. 226b). If the pigment of the original writing differs in 
color or opacity to infra-red ra>"S from the pigment used to obliterate the 
writing, photographic methods will restore the original %vriting (Fig. 227). 

Ultraviolet light also has been found helpful in deciphering deleted writing. 
The success of this method depends upon the pigments differing in their prop- 
erties of fluorescence in ultraviolet light. 

In other cases where a pigment different from the pigment of the original 
wTiting was used for the deletion, it may be possible to use a solvent that will 
differentially remove the pigment employed to cover the wTiting. For example an 
inscription made with a rubber stamp may be crossed out with a blue crayon. 
Acetone will be found suitable as a solvent since the crayon is soluble and rubber 
stamp ink is insoluble (Fig. 226c). 

If a suitable solvent is not known, it is possible to make a few preliminary 
tests on pigments similar to those involved in the obliteration. The object is to 
find some solvent which will remove the covering pigment and leave the original 
writing undisturbed. A wad of cotton is moistened wdth the solvent and then 
cautiously rubbed over a small section of the obliterated area. If the top pigment 
is removed and the underwriting left undisturbed, this solvent may be used to 
remove the remaining objectionable pigment. The solvents to be tried include 
the following: water; alcohol; acetone; benzine (petroleum ether), carbon 
tetrachloride, or rectified turpentine; benzene, toluene, or xylene; butyl 

carbitol; amyl acetate; morpholine (C4H9ON). 

When paper, cardboard, or similar materials have been pasted over the 
writing, dry carbon tetrachloride or benzene rubbed on the reverse side makes 
the paper translucent for a few moments. A photograph may then be made 
of the original writing, if the lighting and camera are arranged so that an expo- 
sure of less than one second is required. The evaporation of the carbon tetra- 
chloride requires a somewhat longer time so that no difficulty is experienced on 
this account. Since the document is photographed from the back, the negative 
should be reversed in printing. 


EXEROSES 

1. Obtain a rubber, ink, and scratch knife type of eraser. Use each on different 
samples of \NTiting. The erasing should be done as carefully as possible, so as to mmmuze 
abrasion. Examine the results for the presence of erasures. Is it possible to erase any 

wxiting mechanically without its being detected? 

Usin- ink and several commercial eradicators, repeat the exercise. Perform the 

various chemical tests described in this chapter, to determine if traces of the eradicator 
mav be detected in this manner. 

Repeat the above exercise using a 100 per cent rag content bond paper as well ^ 
cheaper grades of bond and sulfite pulp paper. Does the t>pe of paper influence the 

results obtained? , •a a 

^ Write vour name once with pencU and t^^fice with ink. Erase the pencil and one 

ink sienature 'with some mechanical eraser; eradicate the other ink signature with ink 
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eradicator. Try to restore the original writing by physical and chemical methods. Repeat 
the ink experiment, using ink writing that is several years old. What conclusions may be 
drawn about the efficacy of these methods? Is it easier to restore pencil or ink erasures 
which were made mechanically? 

3. Obtain several different types of writing materials, each presumably made with 
a different type of pigment. Cross out the writing made with one kind of pigment by 
using another writing instrument filled with a different pigment. Prepare several such 
samples. Select the method (optical, photographic, or chemical solvent) which seems 
to be the most useful and tr>' to decipher or restore the original writing. 

Paste a 4 by 5 file card or several thicknesses of pap>er over some ink writing. Saturate 
the reverse side with dry carbon tetrachloride and photograph the original writing. 
Print the negative in the manner described in the text. Can the original writing now be 
read in the finished print? 
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CHAPTER 36 


THE EXAMINATION OF 
DOCUMENTS FOR 
INVISIBLE WRITINGS 


L GENERAL 

Questioned documents are sometimes submitted to the laboratory" with a 
request that an examination be made for suspected secret writing. Such cases 
may arise from an attempt by prisoners of w'ar to communicate surreptitiously 
with sympathizers or enemy agents, or from criminals in penitentiaries w"ho wish 
to convey a message requiring concealment from the authorities to friends on 
the outside. Other instances w^here imdsible wTiting may be resorted to are 
communications among criminal gangs, members of secret societies, or sub- 
versive political groups. In wartime, espionage information may be communi- 
cated from one agent to another in this manner. Generally, when criminals are 
passing invisible messages it is a simple matter to detect them; w"hen espionage 
agents are using invisible ink for sending important messages, its detection and 
development may be quite difficult. In the case of prisoners, natural substances 
or bodv secretions, w hich are readily available, are usually employed. Where a 
w'ell -developed plan exists, common articles such as toothpaste, soap, medicine, 
perfume, etc., mav be used to send or carry substances to be used as an invisible 
ink, w hich in these cases is frequently a relatively uncommon chemical. Another 
method which has been employed to send secret ink is to soak articles of clothing 
such as socks, neckties, etc., in a solution of the substance and allow them to dry. 
The ink is regenerated w'hen needed by whetting the article wdth the proper 
solvent, usually water. The substance used for invisible writing is often referred 

to as a sympathetic ink. 

Since the materials w hich are used in secret writings are chemical in nature, 
it is to the chemist that we must look for assistance. Indeed, the method of 
detection \vill consist essentially of well-knowm reactions carried out on paper, 

rather than in a test tube. 

The initial step in the investigation is to mark the document for identification 
and Dhotoeraph it in order to have a record of its original state for court 
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presentation. The identification mark should be placed in an unimportant part, 
of the document, preferably on the reverse side. 

Frequendy, the suspected document has been intercepted in transit, and it is 
expedient to conceal the traces of an examination from the intended recipient. 
Hence, a physical examination should be made first, since traces of such treat- 
ment are difficult to detect. Following negative results in the physical examina- 
tion, one must resort to chemical methods. \^arious processes in\'ol\'ed in both 
the ph>^ical and chemical examinations will be discussed below. When secret 
writings are developed as a result of these examinations, they should be im- 
mediately photographed. 

Before proceeding it is necessary to discuss briefly the method of manufactur- 
ing paper, since this is the medium on which the invisible writing is usually 
found. Paper is essentially cellulose, impregnated or loaded with inorganic fillers 
such as gypsum and clay, to give body and rigidity. In order to increase the 
suitability of the paper for the satisfactory retention of inks used in writing and 
printing, a smooth coating or finish is imparted to the surface. This is accom- 
plished by a process called calendering^ which consists of pressing between hot 
rollers onto the surface of the paper a sizing material such as gelatin, casein, or 
rosin and alum. These substances are soluble in varying amounts in water, al- 
cohol, and other liquids. Thus, mere application of a liquid to the paper surface 
destroys the gloss, at least partially, by dissoKing the sizing material. These 
alterations of the surface by the invisible writing provide a point for attack and 
permit a profitable use of physical methods for detecting and 
writing. 

As there is no well-defined approach to the method of development of 

in\dsible writing, the following discussion will indicate a systematic method of 
examination insofar as it is possible. 


developing the 


PHYSICAL METHODS 
2. EXAMINATION BY VISIBLE LIGHT 

The document is examined by reflected and transmitted light, the source of 
which may be the sun, electric bulb, or carbon arc. The examination is first 
made with reflected light of great intensity. Gradually, the intensity of illumina- 
tion IS decreased until it is ver>^ subdued. Particular attention must be paid to 
subdued light falling obliquely on the document, for here the dull condition of 
the surface, resulting from the removal of the sizing by the solvent action of the 
secret mk, is detected against the untouched surrounding portion, which retains 
Its glossy abearance. When the document is examined bv transmitted light any 
area which appears abnormally opaque or translucent should be carefully 
scmtmized for evidence of tampering to disguise alterations of the surface 
of the paper In some cases, the presence of a secret message is detected bv this 

procedure, although the contents cannot always be read. A low-power micro- 
scopic examination should also be made. 
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3. EXAMINATION BY ULTRAVIOLET RADIATIONS 

Sometimes compounds (both organic and inorganic) which fluoresce are 
employed in secret writing and they are readily detected by merely exposing the 
document to invisible ultraviolet light in a darkroom (Fig. 228). 


April 1,1942 
l£apen, 

Sis: 

fe>r the letlsr ani the spaDd-> 
iiLS ancsj* It sure helps It seeas llhe 

a tlae si&ce were up h^re ami I 

cen =ahe it acala with clU next Tisltic^ 

day- 

l*a t-* try "ut f-*r the ball 

teaa t<^Qrpr-w. They hare s-^se pretty play- 

ers but 1*0 pretty s--*d 

Thw Tardea had ae la f^r a talk this 
a'^rclag sesas all rl^t ai .1 felr ec^u;^. 

"^Tlos t^ai^t sod I caa a^ will 
cut this sh^rt. ?h-n» this letter t- as 1 
hB'^w he*ll be iaterested la •'I’^w I*a ^ttia^ ‘^a* 
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St^ST' OuTZ Ook*' 


^^ 7 " 9/0 ^SOiJ'T ^OS/^ 



SJ0&S / <?er' ot/TT 


(b) 


Fig. 228. A letter bearing an invisible message: (a) as seen in visible light; (b) in ultra- 
violet radiation. 


4. EXAMINATION BY INFRA-RED RADIATIONS 

Although no method is available by which the infra-red characteristics of a 
substance used as a sympathetic ink can be determined other than by photo- 
graphing the document with infra-red film, it is advisable not to overlook this 
possibility. It is hoped that the ink is opaque to the passage of the infra-red rays 
whereas the paper should be, and usually is to some degree, transparent. Atten- 
tion is called to use of oblique illumination as well as the ordinary' method of 
illuminating the document through the back with photofloods when photo- 
graphing it with transmitted light. Frequendy, oblique lighting will reveal 
characteristics which the usual method of lighting fails to reveal. It should be 
mentioned that infra-red photography has been used successfully in the develop- 
ment of secret writing contained in old diplomatic dispatches. 

5. LOW-VOLTAGE X-RAYS 

If an inorganic salt, containing a hea\y metal such as lead, barium, tung- 
sten, etc., was used as the sympathetic ink it may be possible to detect its presence 
by passing low -voltage x-rays through the document (see Chap. 22). 
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In those cases where a piece of paper has been pasted or glued over another, 
such as on picture postcards or (paper) box covers, soft x-rays may sometimes 
be useful in determining if a message has been inscribed on one of the inner 
surfaces. 


6. GEIGER COUNTERS 

The properties of radioactive materials and their use in labeling inks are 
described in Chapter 28. The appropriation of these principles as a means of secret 
writing is almost too obvious to require comment. Included then, as part of the 
examination for invisible messages should be an inspection of the paper by 
means of a Geiger counter. Activation of the counter indicates that radioactis e 
material is present on the document. Further inspection by screening words or 
individual letters in the words on the document is necessary if the contents of 
the message are to be learned. 


7. IODINE VAPORS 

The document is next placed in a fuming chamber (such as that which is 
used for the development of latent fingerprints), and some iodine is sublimed 
(see Fig. 229). If starch or certain other materials (usually organic) were em- 
ployed in the insdsible writing, they will be developed by this method. If one 
wishes, any writing made legible by iodine may be eradicated with a 3 per cent 
solution of sodium thiosulfate (hypo). The document may be somewhat restored 
to its original condition by pressing and reglossing. Sulfur dioxide fumes will 
also decolorize the iodine by reducing it, but the paper may show signs of having 
been tampered with because of the bleaching action of the sulfur dioxide. 

If the sender of the secret message has steamed the paper after using the 
sympathetic ink, iodine fumes are not likely to develop the writing. 


8. HEAT 

There are many compounds which decompose when heated. Usually, these 

are organic materials. However, there are some inorganic substances which 

behave m a similar manner. For example, hydrated cobaltous chloride is pink 

(colorless in dUute solution), but when heated it loses its water of hydration 

and becomes blue. The following may be mentioned as examples of organic 

substances which can be detected through this method; milk, lemon juice 
Starch, saliva, urine, and sugar. ’ 

To apply heat, a drying oven may be used although a hot iron pressed 
against the document is perhaps more convenient, and permits the examiner 
to control the process better. Another method is to place the document between 
the plates of an electrically heated photographic mounting press. The document 
must be kept under observation throughout the time the heat is being applied 
Documents containing inflammable material such as celluloid covering should 
not be heated unless it is possible to remove the inflammable substLce In 

Sfe writinr"" “ for 
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9. COLORED POWDERS 

When the smooth 2 :lossv surface is remo\ed bv the solvent action of the 

* 4 

sympathetic ink on the sizing compounds, the undersurface material is exposed. 
This is rougher in texture than the finished writing surface, so that, if a finely 

w 7 . ^ 

divided colored powder is dusted or brushed on the paper (as one dusts finger- 
prints), it will be mechanically retained where the rougher surfaces exist. In 
this manner it is sometimes possible to develop invisible writing. In the selection 
of the finely divided powder, care should be exercised in the choice of color. 
Ob\'iously, the powder chosen should be one which will provide sufficient 
contrast with the paper. Generally, the same powders used in developing finger- 
prints are suitable for this work also. 

Powders are of doubtful usefulness, since iodine \*apor or the iodine-iodide 
solution described in Chapter 37 will usually develop any writing that powders 
will develop. Furthermore, development of invisible writing by powder is more 
or less permanent so that in cases where the document is to be forwarded to the 
intended recipient its use is precluded. The powder method is mentioned mainly 
because it is of historical significance; it is one of the earliest methods and was 
in use for several centuries. 

10. COLORED SOLUTIONS 

A procedure similar to the use of colored powders is the emplovTuent of 
colored solutions (diluted inks, or diluted dye solutions), to develop invisible 
writing. In this case, the liquid is swabbed on with cotton or, if necessary, the 
whole document may be immersed in the colored bath. Again, the idea under- 
lying this procedure is the selective absorption of the developing agent at those 
places where the sizing has been attacked. After the colored solution is applied, 
the document is washed under running water. An alcoholic solution of a dye 
may be used when any ordinary writing on the document tends to run or be 

dissolved in ^vater. 

In addition to the disadvantages described in the next section where water 
is used as a developing agent, writing made legible by this method is more or 
less permanent. The undesirability of this was mentioned in the preceding 
section. Colored solutions then, as developing agents, are mainly of historical 
interest and of little practical value today. 

11. WATER AS A DEVELOPING AGENT 

Castor oil and certain other oils dissolved in suitable organic solvents to form 
dilute solutions have been used as sympathetic inks. Similarly, simple inorganic 
acids such as hvdrochloric and nitric, and organic acids such as acetic and 
oxalic, have been employed in dilute solution as secret inks. These may be 
developed by merely wetting the document with water and examining it widi 
transmitted light. In these cases the places containing the sympathetic ink will 
become more translucent and may be read without difficulty. 
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There are several disadvantages in usinc^ water as a devclopiiit( a”< nt: 

If the document contains writing rnad(‘ \\ ith ordinary ink it will usually run. 
If the invisible writing is not de\'eloped by ibis means and the syuipathetie 
ink used is soluble in water, subsequent methods are d(jonied Uj failure. 

If the document is to be passed on to the intended recipient, the paper 
must be pressed and reglossed. 

For these reasons water is of limited usefulness. L’suallv inks uliieti are 

/ 

developable with water will also be detected by (me of the (uher phvsic al meth- 
ods above or by the iodine-iodide solution mentioned in tlie next s<*ciion. 


12. CHEMICAL EXAMINATIONS 

Chemical detection of invisible writing is more diflicuh because of the large 
number of chemicals which can be employed, and the fortuitous possibility ol 



Fig. 229. A fuining chamber. 
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pathettc .nk. Frequently, hotvever, if the paper is exposed hydrogen sulfide 
umes or, better, ammomura sulfide fumes in a fuming chamirer (Fig. 229), it 

an ins rhT V° "’"'■Sanic substances through the production of 

tnsoluble colored, metallic sulfide, if this method fails to develop any secret 
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writing, the services of a chemist are required. When the amount of writing is 
small, the difficulties of the task are increased and the chances of success cor- 
respondingly reduced. 

Mention ^vill be made below of a few other reactions which may be of 
assistance in chemically detecting secret writings. However, the method selected 
will depend upon any additional information which the investigator can obtain; 
namely, the background of the person suspected, the materials available to him, 
the purpose of the disguised wnriting, the person to whom it is being sent, the 
facilities of that person for developing the writing. 

The iodine-iodide solution described in Chapter 37 may be used as a last 

resort when nothing is known of the 
type of sympathetic ink employed and 
where all previous efforts — physical 
and chemical (vapors) — have failed 
to develop any invisible writing on 
the document. 

If an acid or base indicator has 
been employed, fuming with am- 
monia (base indicator) and glacial 
acetic acid (acid indicator) will de- 
velop the indicator employed. 

Potassium ferricyanide and in 
some cases potassium fenrocyanide 
may be used as bathing reagents to 
develop copper, iron, zinc, and silver 
compKJunds. If potassium thiocyanate 
is acidified with dilute hydrochloric 
acid and the gas developed (thio- 
cyanic acid, HSCN) directed against 
the paper it will turn any ferric com- 
pounds present to a red color. An 
apparatus convenient for preparing 
thiocyanic acid is shown in Fig. 230. 

If ordinauy table salt has been em- 
ployed in the invisible writing, it can 
be developed with silver nitrate using 

the method by which latent fingerprints are developed. 

Mention should also be made of diazo papers. These are coated with a light 

sensitive material (a diazonium salt) and, using the proper developer, it is pos- 
sible to bring out any writing which might have been placed thereon. The 
developer consists of a coupling reagent such as a dUute acid solution of ^ 
aromadc amine (, 71 -phenylenediamine) . The coupling reagent reacts with the 

diazonium salt to form an azo dye. _ 

When tests are being made to determine the correct chemical needrf to 

dev elop the sympathetic ink, all gaseous developing reagents (hydrogen sulfide 



Fig. 230. Apparatus for preparing duo- 
cyanic acid, hydrogen sulfide, and other 
used in fuming documents. 
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ammonium sulfide, thiocyanic acid, etc.) should be employed first. Whenever 
possible, liquid developing reagents should be volatilized in a fuming chamber 
by carefully heating the vessel containing the liquid. Finally, solutions are 
applied by rubbing diagonally across the document a swab of cotton moistened 
with the developer. Solutions are not to be used indiscriminately however. They 
should not be used in such a way as to preclude the use of other solutions (i.e., 
the document should not be bathed) or worse, to destroy completely the pos^ 
sibility of further tests. 


13. PRACTICAL APPLICATIONS IN ANONYMOUS LETTERS 

Some practical use for invisible writing materials may be found in marking 
postage stamps which are to be sold to a limited number of known persons (as 
in an office), one of whom is suspected of being the author of annoying anony- 
mous (poison pen) letters. The stamps may be marked across the face with a 
number written with some invisible characteristic fluorescent compound (see 
Chap. 28), After the stamp is sold the name of the person who made the pur- 
chase is entered next to the number corresponding to that on the stamp. When 
the next anonymous letter is received, the stamp is examined under ultraviolet 
light. The convenience of a ready supply of stamps usually results in a person’s 
buying his stamps from this source, rather than taking the trouble of going to the 
post office for such purchases. Quite frequently then, the identity of the person 
in the office who is responsible for the letters will be revealed in this manner. 


EXERCISES 

A round tip, smooth writing pen or wooden tooth pick should be employed for 

writing which is intended to simulate secret writing. If an ordinar>^ sharp, pointed pen 

IS used, It IS likely to dig into the paper and thereby simplify the task of discerning the 

writing. Thus, a clever individual who wishes to hide his message would be unlikelv to 
use such a pen. 

The student should write his name on a piece of bond paper with each solution 
listed below. Five such pages should be prepared, using different types of paper. The 
solutions used should be diluted with water, and comprise the following: 

Milk (diluted until colorless) 

Urine (diluted until colorless) 

Regular blue-black ink (diluted until colorless) 

Aqueous solution of cobaltous chloride (diluted until colorless) 

Aqueous solution of ferric sulfate (diluted until colorless) 

Alcoholic solution of eosin (diluted until colorless) 

Oxalic or acetic acid (a dilute solution) 

Hydrochloric acid (a dilute solution) 


caterThn r *hese solutions to dry thoroughly they should be examined as indi- 

examination. Did any substance .cl 
undetected. Can you think of any substance which would be undetectable? If so, trv it. 
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CHAPTER 37 


MISCELLANEOUS 
DOCUMENT PROBLEMS 


1. INDENTED WRITING 

Under Sheets in Pads or Checkbooks 

Whenever writing is made on a leaf or sheet of a pad, book, or sheaf of 

papers, not only is the topmost sheet affected but the under sheets, sometimes 

as far down as the fifth or sixth, also receive impressions from which it is possible 

to determine the text of the original writing. These impre.ssions arc designated 

by the term indented writing. Cases involving indented writing arc of common 

occurrence in the police laboratory. For example, a bookmaker’s pad may be 

found with the top sheet removed. It then becomes necessary' to determine the 

original text from the impressions on the pad. These impre.ssions will frequently 

be the names of horses followed by the amount bet and the manner in which the 

bet is laid. For instance, “Flagpole 0-1-0” means that one dollar is bet on 

Flagpole for “place.” The amount for which a previous check was drawn may 

be significant in a case and may sometimes be determined from the checkbook 

by the indentations. Several methods may be used to make indented writings 
legible. 

Side Lighting 

The indentations in the paper can be seen in relief by illuminating the paper 

with the line of light almost parallel to the plane of the paper. A narrow beam 

of light can be obtained by means of a mask over the illuminant. The depressions 

in the paper will appear as shadows on the untouched surface and writing wUl 

be thus oudined. Photographs should be made with the pad lighted in this 

manner (Fig. 231). In photographing, two negatives should be made — one 

using a long-scale film such as a portrait film and one with process film. The 

long-scale film is necessary because of the great range of tones which result from 

this type of lighting. The process film is used to emphasize important details 
which are difficult to read in the other film. 

Indented Writing Solution 

The force of the writing instrument on the surface of the paper causes a 
deformauon of the fiber structure of the paper beneath. If an iodine solution 
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the composition of which is indicated below, is dabbed with cotton on certain 
kinds of paper, the indented writing becomes immediately visible and can then 



Fig. 231. Indented writing photographed 
with oblique lighting. The writing is a 
record of “policy” bets. 


be photographed. If the paper is 
dabbed with a 1 per cent solution of 
hypo (Na2S203), traces of the first 
solution disappear and the paper is 
restored to its original condition. This 
method may also be used for detecting 
alterations such as erasures or removal 
of writing on checks. It must be re- 
membered, however, that the method 
is not applicable to all kinds of paper. 
The excellent results obtainable in 
many cases justify' the experiment. 

The composition of a solution suit- 
able for developing indented writing 
is as follows: 


Water 8 ml 

Potassium iodide 4 g 

Iodine 1 g 

Glvcerin 20 ml 


Dissolve the potassium iodide in 
the water, add the iodine and stir 
until the cr>'stals dissolve. Add the 


glycerin and mix well until a homogeneous solution is obtained. 


Iodine Fuming 

The alteration of the fiber structure mentioned above is the basis for another 
method of rendering indented writing visible. Iodine crystals are heated in a 
hood. When fumes are seen rising above the crucible, the paper is suspended 
over the fumes for a short time. The paper is darkened by the fumes to a greater 
degree in the lines of the writing, and in this way the text becomes visible. The 
paper should be withdrawn before it darkens excessively and contrast is lost. 
A photograph should be made immediately because the writing is fugitive and 

will disappear in time. 


Indentations on Reverse Side 

In case? of obliterations where the writing on a sheet of paper has been ob- 
scured bv overrvriting with ink. crayon, or other means, it U somenn.es po^.bl 
to discern the nature of the writing by e.xamining the 

:::h:i o^the reverse side in the pattern of the writing. Photography tvrth 
side lighting as described above should be used in these cases. 
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2. WRITING ON CARBON PAPER 

One of the traces that is sometimes overlooked by the criminal is the carlx)n 
paper which was used to make a duplicate copy of some message or record 
involved in an illegal transaction. Frequently it is possible to decipher the 
complete original text by a careful examination of the carbon. If, however, the 
carbon has been used too often, the writing will be overlapped so much that it is 
scarcely legible. It will be found that the text of the carbon is more easily 

Studied in a properly managed photo- 
graph. Examination of the carbon it- 
self, however, under varied lighting 
conditions, should supplement the 
study of the photograph. The photo- 
graph is, of course, invaluable for the 
purposes of court demonstration. 

The method used to photograph 
the writing on a sheet of carbon paper 
depends upon the extent to which the 
sheet has been used and the pressure 
applied with the writing instrument. 

A classification into two cases will be 
sufficient to illustrate the techniques. 

Carbon Used Only Once 

When the carbon has been only 
lightly used and no overwriting is 
present, the only change on the car- 
bon side of the paper is a removal of 
the carbon in the path of the writing. 

By carefully illuminating the carbon 
face from the side and photographing with process film, a clear reproduction 
of the writing can be made. Fig. 232 is an example of such a photograph. 

Worn Carbon Paper 

When carbon has been used a great deal, the paper becomes thin, translu- 
cent, and even perforated from the w riting. Sometimes a satisfactory reproduc- 
tion can be made by using the carbon paper as a negative and printing it 

direedy on photographic paper. The carbon is placed on the printer as though 
it w^ere a negative (Fig. 233). 

A much superior reproduction can often be made, how'ever, by means of a 
photograph. The paper should be suspended in a frame and illuminated 
directly through the back of the paper. From the point of view of the camera lens 
the light is shining through the paper. Since the paper is blue, the transmitted 
light is also blue except where the paper is badly w'orn. In the worn areas white 



Fig- 232. Writing on carbon paper photo- 
graphed with oblique lighting. 
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li^ht shows through. By photoeraphing throusrh a red filter with a panchromatic 
(process pan) film, an excellent reproduction with greatly increased contrast 

can be made. 



Fig. 233. Writing on carbon paper. 
The carbon paper was used as a nega- 
tive and printed directly on photo- 
graphic paper. 


3. CHARRED DOCUMENTS 

Documents which have accidentally 
been burned in a fire or which have been 
purposely destroyed in this manner may 
sometimes be deciphered in the laboratory. 
The techniques to be described by no means 
set a limit to the resources of the criminalis- 
tician ^vhen presented with this problem. 
The conditions to which burning may re- 
duce documents are so varied that the 
present discussion can lay no claim to com- 
prehensiveness. The degree of carboniza- 
tion and the variety of paper and ink mili- 
tate against generalities. 

The Handling and Preparation of 

Burned Paper 

Usually burned paper does not remain 
intact but breaks into fragments, the edges 
of which frequently are curled. These pieces 
are quite brittle and great difficulty is en- 
countered in setting the fragments in one 
plane so that they may be photographed. 
Where the charring is not severe the docu- 
ment may be mounted on glass with small 
dabs of an adhesive. A 2 per cent solution 
of celluloid or collodion in amyl acetate is 
suitable for this purpose. W hen the charred 


piece has been thoroughly immersed in this solution, it is possible to smooth out 
the curls and twists in the charred piece by means of the fingers or a camel-hair 
brush. The adhesive is removable, without damage to the charred document. 


by acetone or similar organic solvent. 

In severe charring where britdeness is encountered, the paper should be 
placed first in a chamber in which there is an exposed, broad, shallow tray 
of water until, bv absorption of moisture, it has become more flexible. It can 
then be placed carefullv benveen glass plates and as a record of its appearance 
a photograph can be made (Fig. 234a). Under the best conditions, this problem 
presents' a difficult and a tedious task. Great patience and considerable practice 
is necessary before any degree of adeptness is acquired in the ability to uncurl 

a burnt piece of paper. 
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Process Film 

Since in many cases some of the writing is visible, a photograph with process 
film should first be made to increase the contrast and to record that writing 
which may be seen (Fig. 234b). Although little space is given here to this 
method, it will be found that ordinary' photography is frequently one of the best 
means of rendering charred documents legible. 




(c) (d ) 


Fig. 234. A charred document photographed: (a) normally; (b) with process film; 
(c) with process film and oblique lighting; (d) with infra-red film. 

Filters 

The colors of the paper and ink may be so related that a successful photo- 
graph can be made by means of an appropriate filter. The document should be 

examined visually with a series of filters until a choice is made. Process pan- 
chromatic film should be used.^ 

Oblique Lighting 

The reflective qualities of the inked area of the paper may be greater than 
that of the blank area, i.e., the critical angles may be diflferent. In such cases, 
oblique lighting w ill yield the desired contrast in a photograph. The lamp should 
be carefully manipulated until the writing becomes light while the background 
IS dark, or vice versa. Process film should be used (Fig. 234c). 
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If the degree to which the light is polarized differs in the inked and paper 
areas, a polarizing screen over the camera lens will be of assistance in decipher- 
ing the writing.-^ 

Infra-Red Photography 

Depending on the nature of the ink or other \NTiting material, the composi- 
tion of the paper and the degree of charring which the paper has suffered, an 
infra-red photograph may sometimes aid in deciphering the writing.^ If there 
are many fragments, a 35 mm film camera should be used. Several exposures 
may be necessary, depending upon the degree of charring, to produce the propei 
contrast (Fig. 234d). 

Exposure of Photographic Emulsions by Contact 
with Charred Paper 

It is possible to achieve contrast in a photographic plate by other means 
than the use of light. A chemical reaction sometimes takes place when the 
charred document is merely left in contact with a sensitized emulsion.® Two 
photographic plates are used. The charred document is placed between the 
emulsion sides of the plates. Plates of the highest emulsion speed obtainable 
should be used. An orthochromatic emulsion is most suitable since it permits 
the use of a red light in the darkroom. The plates are then pressed together in 
a frame or by means of a weight. The document and plates are left in contact 
for at least two weeks. The plates are then developed, fixed, and washed. 

The explanation of this phenomenon must include ttvo cases. First, the 
reducing agent is present in the paper and not in the ink; second, the reducing 
agent is present in the ink and not in the paper. The variables of mk and paper 

determine the success in any case. 

Silver Nitrate Method 

A method similar to the photographic emulsion contact method is that de- 
scribed by Murrav.' It is claimed that this method is of value in those cases 
where the paper has been incinerated at a high temperature in the ^•irtual 
absence of air, such as might happen in a small safe, filing cabinet, or safety box. 

Briefly, the procedure may be described as follows: 

The carbonized sheet is placed on a piece of glass. This is set into a glass or 

enamel trav and a 5 per cent aqueous solution of silver nitrate is carefuUy 
poured into the trav. A second glass plate, supported by glass rods or rubber 
stoppers placed on the first glass plate, is set over the paper to protect it from 
damage. The writing appears as a black image against a gray background. It 
may frequently be photographed in situ. To preserv^e the results, the document 

is washed several times with distilled water and dried. 

The success of the method depends upon a reducing agent being present 

in the ink. so that the silver ions can be reduced to free silver. Because direct 

sunlight decomposes silver nitrate, it is necessary that the room m which the 

process is carried out be illuminated with electric light or subdued, indirect 

davlieht. 
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Chloral Hydrate Method 

A new and simple method in which chloral hydrate (CCl.tCIiO- HjOj 
employed to develop the printinc; or writing on charred docurnenis lias hren 
suggested by Taylor and Walls/ No explanation has l>cen devised wtilc li 
accounts for the action of the chloral hydrate. 

The procedure is as follows: 

A solution containing 25 g of chloral hydrate in 125 ml of ethyl alcohol is 
prepared. The burnt paper is immersed in this reagent, taken out immediately, 
and dried at 60 C. This procedure is repeated several times until a mass of 
chloral hydrate crystals forms on the surface of the document. A final imm<*rsi(n) 
is then made in a similar solution, to which 13 ml of glycerin have been added. 
The document is again dried at 60 C. Both sides of the paper are examined. 
Process film is used to photograph any writing or printing which develops. 


4. CONTACT WRITING 

Occasionally it is necessary to process a piece of blank paper for traces of ink 
which it may contain because of previous contact with some writing. For <‘xam- 
ple, a page may have been torn from a business record or a personal diary, and 
for the purpose of an investigation, it may be important to learn what Inlorma- 
tion was contained on the mi.ssing page. Again, an envelope in which a letter 
was sent may contain traces of the ink writing with which it came in contact. 
These invisible traces, which arc nothing more or less than the constituents of 
the ink, are more likely to be present if the writing was not allowed to dry 
thoroughly before it was placed in contact with the paper to be proccs.sed. The 
present chapter describes the techniques and chemistry of the methods used to 
develop the traces so that they become legible and may be photographed. 

The following procedure has been recommended: 

“The surface of the paper is treated in the darkroom by red light with a solution 
composed of 5 grams of silver nitrate, 1 gram of citric acid and 0.5 gram of tartaric acid 
and three drops of nitric acid in 100 grams of distilled water. The writing is developed 
in ordinary daylight and fixed with ordinary fixation. Since the process of fixation weak- 
ens the intensity of the letters it is advisable to photograph the writing first." '* 

The chemistry of this method may be interpreted as an oxidation-reduction 
reaction : 

Fe-^-^ + Ag+ — + Ag^ j 

The ferrous ion of the ink is oxidized by the silver nitrate to ferric ion, and 
free silver is deposited. However, this reaction takes place only in boiling solu- 
tion.*® Therefore, it is necessary to add citric and tartaric acids to the reagent 
in order to form complex ions with the ferric ions which are formed: the system 
also absorbs energy upon exposure to visible or ultraviolet light, thereby per- 
mitting the reaction to proceed at room temperature. 

This may be an oversimplification of the reaction. It has been claimed that 

* From Modern Criminal Investigation, rev. ed., by Soderman and O’Connell, copyrighted 
1935, 1940, 1945 by the Funk and VVagnalls Company. 
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it is actually much more complex since a gray precipitate which is thought to be 
Ag 40 , silver suboxide, or a mixture of some organic substance with finely 
divided silver is also formed. 

Since we know from Rhodes’ work (Chap. 34) that a negligible amount of 
ferrous ion is present in ink writing after one month, this method will not be 
very useful after this time. Other methods are available if the elapsed time is 
greater than thirty days. These are discussed below. 


Chloride and Sulfate Pictures 

In Chapter 34 it was learned that hydrochloric acid (and sometimes sulfuric 
acid) is added to nutgall and log\vood inks. Sulfate ions are present in nutgall 
ink because of the ferrous sulfate which is a principal constituent. In other inks, 
sulfates are not present in any quantity unless sulfuric acid was added. In the 
procedure to be described these inorganic anions are converted into colored 
compounds which form an outline of the original \vriting. This developed writing 
is called a chloride or sulfate picture. 

The principle upon which chloride or sulfate methods are based is their 
conversion into insoluble, colorless, silver or lead salts respectively. These are 
then reduced to the free metal or converted into colored compounds to form the 
chloride or sulfate picture. 

In addition to their use in contact WTiting cases, chloride and sulfate pictures 
may be of value in other independent lines of investigation ; briefly these are : 

Development of mechanically erased writing 

Estimation of the relative ages of writings made with certain types of ink 

Comparison or diflferentiation of two ink writings alleged to be the same 

The following equations correlate the various procedures that have been 
proposed in connection with these independent problems; 


REACTIONS INVOLVING CHLORIDE IONS 

Cl- + Ag“^ — > AgCl i 

( ink) (reagent) * 



sunl ight or carbon arc ^ 

(a few minutes exposure) 

ultraviol et light 

(about 20 minutes exposure) 

alkalin e formaldehyde ^ 

^ (1 part 35 % HCHO, 10 parts 2% NaOH) 


sodium su lfide 

(1 % solution) 

ammonium chromate 

(3% neutral aq. solution heated to 65 C) 


Ag I (black) — (Hanikirsch^) 

Ag I (black) — (Mezger, Rail 
and Heess'®) 

Ag I (black) — (Mezger, Rail 
and Heess'5) 

Ag:S I (black) 

AgoCr 04 i (red) — (Finn and 
, Cornish'-*) 
j photographic 
developer such 

I as EK-D 72 

Ag 


• About a 4% aqueous solution of silver nitrate. 
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sor + Pb++— ^PbSOii 

(ink) (reagent)* 


PbS 04 


sodium sulfide 

(1% aq. alkaline solution) 

ammonium chromate 

( 3 % neutral aq. solution 
heated to 65 C) 


PbS I (black) — - (Heess*^) 


PbCr 04 J, sodium sulfide 
(yellow) in alkaline sfjlution 


PbS 1 (black) 


photographic 
developer such 
as EK“D 72 — (Finn and 
V Cornish*'^ ) 

Pb I (black) — (reaction is very 

incomplete) 


* A 2% lead acetate solution, a 4% lead nitrate solution or a 5% lead perchlorate solu 
tion in 5% perchloric acid have been proposed. 


Discussion of Methods 

It should now be apparent that the procedures vary only in the choice of 
method of development of the colorless silver chloride or lead sulfate. When the 
tests are to be conducted on the ink line itself, as is the case for age and differ- 
entiationf procedures, it is necessary to destroy the color of that portion of the 
ink line where the tests are to be performed, otherwise the picture would be 
masked by the color of the ink itself. 

Various oxidi 2 ing agents have been suggested to decolorize the ink, but in 
general a 1 per cent solution of potassium permanganate acidified with concen- 
trated nitric acid is used. Excess permanganate is removed with a 10 per cent 
solution of hydrazinium nitrate. This is also referred to as hydrazine nitrate 
(NH2NH2HNO3). 

Obviously, this oxidation is unnecessary when contact writing or erasures 

are to be developed, for if any color were present it would only contribute to the 

legibility which it is honed will be achieved through the development of a 
picture. ^ 

The following methods are divided for convenience into two procedures : 
the first requires no oxidizing reagent; the second includes the use of such a 
compound to destroy the color of the ink line. 


PROCEDURE IN CONTACT WRITING AND ERASURE CASES 

A solution containing 5 grams of lead nitrate, 4 grams of silver nitrate, and 
0.8 ml of concentrated nitric acid per 100 ml of distilled water is added with a 
capillary pipette to a small area where the writing is suspected to be. After 3 or 

4 minutes, excess liquid is removed with a blotter and the moistened area is 
washed three times with distUled water. A few drops of a solution containing 

5 grams of sodium or ammonium sulfide per 100 ml water are added to the area 

t Except in the Finn-Cornish method. 
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with a capillary pipette. After a few minutes, the excess reagent may be re- 
moved and a fresh application of the sulfide reagent made, if necessary. Buth 
chloride and sulfate ions, as a result of this method of processing, will appear 
black because of formation of silver sulfide or lead sulfide, respectively. 


PROCEDURE FOR EXAML\ATIOy L\ ESTIMATLXG AGE 
OF IVRITiyG OR DIFFEREyriATIOy OF /A AA 


A solution containing 5 grams of lead nitrate, 4 grams of silver nitrate, and 
0.8 ml of concentrated nitric acid in 100 ml of distilled water is added with a 
capillary pipette to a small portion of a line in the writing. After 3 or 4 minutes, 
excess reagent is remov'ed with a blotter and an oxidizing reagent is added to 
destroy the coloring matter of the ink itself. A 1 per cent solution of potassium 
permanganate, slightly acidified with concentrated nitric acid, is used for this 
purpose, being applied in sufficient quantity (usually 1 or 2 drops) to destroy 
the coloring matter of the ink. Any excess reagent is removed with a blotter, and 
a drop or two of a special solution (v.i.) of hydrazinium nitrate is added to the 
area to destroy excess permanganate. After a minute or less, the reducing agent 
(hydrazine) is removed with a blotter, and the area is washed with a few drop> 
of distilled water. The water is removed with a blotter after 10 to 20 seconds 

have elapsed. Two or three washings are sufficient. 

The special hydrazinium nitrate solution is prepared as follows; solution 
of silver nitrate is precipitated by hydrochloric acid, and a solution of lead 
nitrate is precipitated by sulfuric acid. The respective precipitates are washed 
several times with distilled water. The precipitates are transferred to a lOO-ml 
beaker, and 10 ml of distilled water are added; the mixture is heated to boiling, 
allowed to cool to room temperature, and 1 gram of hydrazinium nitrate is 
added. The mixture is stirred well for several minutes. It is then transferred to 
a test tube and allow'ed to settle. The clear, supernatant liquid is used in the 

procedure described above. 

An alkaline formaldehyde solution (1 part of 35 per cent formaldehyde to 
35 parts of 2 per cent sodium hydroxide) is used to develop the latent image of 
anv chlorides that were present. This reagent should be used only on a portion 
of the treated area, so that a test may also be made for sulfates. If necessar>-, it 
is possible to remove the formaldehyde by several washings with distilled water 


and blotting paper. , 

A neutral 3 per cent ammonium chromate solution is added to the was e 

area, and if sulfates are present a yellow color will develop. In iron tannate in - s 

a sulfate, of course, will always be present due to the ferrous sulfate that is used 

in its compounding. Thus, for certain iron nutgall inks ii is possible that hot 

the formaldehvde and chromate reagents will give positive tests. 

The information obtained from this preliminary examination will provide 
the necessary data for the selection of the procedure to be used in the estimation 

of the age of writing bv the sulfate or chloride picture. 

In the case of the differentiation of inks, this data studied m conjunction 
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with that obtained by the method of Finn and Cornish^" will provide a better 
basis for rendering an opinion. In the Finn-Cornish method no oxidizing agent 
is used, so that the colored chromates blend with the original color of the ink 
to give green, blue, black, red, pink, and orange colors. The above procedure 
will show whether either or both anions were present. 

With respect to the question of age, if the two ink lines are treated in exacdy 
the same way, a comparison of their respecdve ages may be made in some cases, 
using the relative intensities of the yellow colors for the sulfates and of the 
brownish-red colors for the chlorides as the basis for the comparison. 

Cationic Pictures 

The sensitivity of certain reagents that are used to detect iron, copper, 
chromium, and vanadium makes it possible sometimes to develop contact 
wridngs when one of these metals is a constituent of the ink involved. The 
colored compound, which results when the metallic cadons react with the test 
reagent, forms an outline of the original writing and will be referred to hereafter 
ais the cationic picture. 

If the document under examination contains ink writing also, the ink identi- 
fication tests oudined in Chapter 34 will assist the examiner to select the cation 
most likely to be present in the contact writing. Iron nutgall inks obviously 
would contain iron; logwood inks contain cither chromium or copper; certain 
colored inks contain vanadium. If nothing is known about the ink that may have 
been used, it is advisable to employ the tests for iron first, follow ed by the tests 
for chromium, copper, and vanadium, respectively. 

Iron 

In contact writing cases, solutions of ammonium thiocyanate and sodium 
sulfide are most suitable for developing the cationic picture when an iron gallo- 
tannate ink was used. 

Chromium 

Diphenylcarbazide is an organic reagent capable of detecting amounts of 
chromium as small as 0.00025 mg.^® 

The following spot test is carried out on a small area selected as being likely 
to have traces of contact wnriting : 

PROCEDURE 

With a capillary pipette, add to the area one drop of a solution containing 
4 grams of sodium hypochlorite and 2 grams of barium chloride in 100 ml of 
dbdlled water. After a few seconds add a very small crystal of phenol (the size 
of a bud seed) and one drop of a 1 per cent diphenylcarbazide solution in 
alcohol. A red coloration will appear since diphenylcarbazide is an alkaline 
solution. This color is discharged by adding a few drops of a 10 per cent sulfuric 
acid solution. A bIue-\iolet color appears if chromate is present, and an oudine 
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of a mirror image of the original writing will be apparent. Any results must be 
photographed ; in making the positive print the negative must be reversed. If 
no results 2 ire obtained, excess reagents are taken up with a blotter. Finally, when 
the tests for the other cations have been performed, the document should be 
washed Nvith distilled water to prevent its deterioration or destruction by the 

reagents used. 

These directions vary from those foimd in Mitchell^ in that the reaction is 
carried out in its entirety in alkaline medium since 0.00025 mg of chromium is 
detectable in this manner, whereas the acidified diphenylcarbazide reagent 
suggested in MitcheU decreases the sensitivity to 0.0008 mg. 

Copper 

Diphenylthiocarbazone (dithizone) is an organic reagent capable of detect- 
ing amounts of copper as small as 0.001 mg. 

The following spot test is carried out on a small area selected as being likely 

of having traces of contact writing. 

PROCEDURE 

A drop of 2 per cent ammonium hydroxide is placed on the area selected; 
after a few seconds, a drop of dithizone reagent is added. This reagent is pre- 
pared by dissolving 10.0 mg of diphenylthiocarbazone in 500 mi of carbon 
tetrachloride. The green color of the reagent changes to brown if copper is 
present, and a reversed outline of the original writing wiU be apparent. Any 
results must be photographed. In making the positive print the negative must 

be reversed in order to make the results legible. 

Vanadium 

A very delicate test for vanadium consists of the oxidation of a vanadate to 
pervanadic acid (HVO,). It is said that 0.0025 mg of vanadium in one drop of 

solution may be detected in this manner . 


PROCEDURE 

To the area selected add one drop of a solution containing 12 ml of concen- 
trated nitric acid per 100 ml distilled water. After a minute add 1 drop (avoid 
excess) of a 1 per cent hydrogen peroxide solution. If vanadium is present a 
reddish-bro%vn color will develop and a reversed outlme of the ongm^ wntmg 
wUl be formed.^" Any results achieved through this reacuon must be photo- 
graphed. To restore legibUity to the writing, the negauve must be reversed 

when the contact print is made. 


EXERCISES 

1 Write five lines on a pad of paper, varying the pressure of the pencU from line 

line Remove the top sheet, photograph the pad, using obhque illuminanon 

wridng »luuo» dc«rib«i in Ex.nnne ita , 

^ t onreisc t under a micTOCope, noting the appearance ot the paper hbera 
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region of the indented writing. Brush the indented writing solution on the paper. Study 
its effect under the microscope. If the fluid does not render the writing visible, experi- 
inent \\dth other samples of paper until one is found which reacts properly. If the re- 
action is favorable with the first sample, experiment until a paper is found which does 
not react. Again, note the condition of the fibers. 

3. Selecting a paper pad which will react favorably with the iodine-iodide solu- 
tion wTite one line quite heavily on the upper surface. Remove the top sheet. Apply the 
solution to each of the underlying sheets until the solution no longer has an observable 
effect. Clean all sheets with hypo. 

4. Using five different samples of paper, write the same text on each. Expose each 
to iodine fuming, and note results. 

5. Using heavy pressure, write a message on a sheet of paper so that the paper is 
pushed out on the reverse side. Obscure the writing on the obverse side by writing over 
with ink or pencil. Photograph by side lighting on the reverse side. 

6. Prepare samples of writing on several carbon papers, experimenting by varying 
the pressures of the writing instrument. Use both typewriter and pencil. Take photo- 
graphs using the appropriate lighting technique. 

7. Use a badly worn carbon, photograph with a red filter as described in the 
chapter above and also print through the paper itself. 

8. Compare the results of exercise 7. 

9. (Two test specimens are to be prepared for exercises 9 and 10). (a) Remove a 
page from an old book or magazine, (b) Using an ordinary sheet of writing paper, 
inscribe a message in ink and in pencil. Use a different kind of ink on each line of the 
penned message. 

Char the two documents on a hot plate or in an oven. Prepare the documents for a 
photograph. Examine the documents in oblique light. If oblique lighting is relatively 
ineffective, photograph the pap>crs using process film. If all the writing is not visible in 
the photograph — a circumstance depending up>on the degree of charring — photo- 
graph the documents with an infra-red filter and film. 

10. Prepare six sets of documents similar to those in exercise 9, using sheets about 
2 in. square, vai^-ing the type of paper in each case. Char these documents until they arc 
illegible. Photograph in the infra-red. Now place the papers between the emulsions of 
two high-speed plates. Allow the papers and plates to remain in firm contact for 
three wrecks. Develop the plates as usual. 

11. Prepare four sets of documents similar to those in exercise 9. On two of the sets 
use the chloral hydrate method of development; on the remaining two sets use the silver 
nitrate method. 

12. Repeat exercises 9, 10, and 11, with this change: instead of charring the docu- 
ments in an oven or on a hot plate, actually ignite them with a match and allow to burn 
with no interference. 

13. Sign your name in a business ledger or note book with ink. Blot the writing and 
close the book. After an hour, test the contiguous page for traces of contact writing. Try 
the sulfate and chloride methods first; lastly tr\' to develop the cationic picture. 

Repeat the above, after 24 to 48 hours have elapsed before the book is reopened 
and the tests made. 

14. Repeat exercise 13, without using a blotter. Employ a pen that allows the ink 
to flow freely. Close the book quickly after the signature has barely dried. 
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MICROSCOPY 


L THE MICROSCOPE IN POUCE SCIENCE 

The acquisition of a good microscope is, without doubt, one of the first 
important steps in properly equipping a police laboratory. In the hands of a 
skillful operator the microscope can take the place of a number of other instru- 
ments, and, in laboratories where financial necessities rule the selection of instru- 
ments, the microscope may in fact be made to serve as spectroscope, refractom- 
eter, colorimeter, densitometer, and so forth. The profitable application of this 
instrument in a laboratory has limitations which lie ordinarily not in the micro- 
scope itself but in its user. The microscope is seldom vised properly and even 
more rarely understood in principle. 

In the work of the forensic cinalyst a preliminary microscopic examination of 
a sample should be a matter of routine. A careful study of the sample under the 
microscope before application of other methods of analysis will often save 
considerable time by indicating to the investigator the probable nature of the 
sample. Although space does not permit a treatment of crystallographic analysis, 
it should be stressed here that this method is one of the most efiective in analysis 
of small samples. As a preliminary to a spectrochemical analysis, a rapid crystal- 
lographic examination will serve to indicate the number of components present 
in the sample and their probable nature. These data when correlated with those 
of the spectrographic examination will often serve to completely identify the 
sample. 

The type of microscope which is used in forensic work depends upon the 
task at hand. At the scene of a crime a simple hand magnifier or, better, a low- 
power, detachable, binocular-prism magnifier will be found of great assistance 
in the examination of minute traces. Blood stains, hair, fibers, fingerprints, dust, 
powder marks, and other traces can be properly studied and evaluated in the 
enlarged image. 

For ordinary low-power examination at the laboratory a Greenough 
binocular microscope will be found excellent. Examination of clothing, metal 
filings, fibers, tears or incisions, clipped wires, tool marks, paper, handwriting, 

labels, erasures, cloth patterns, etc., should be made with this stereoscopic 
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microscope at low power. In these observations it will be found that a magnifica- 
tion of greater than 20X usually confuses the eye and contributes no further 

useful information. 

Medium- and high-power work are frequently required in blood and sper- 
matozoa examinations. Metallographic studies are sometimes required in 
sabotage and accident cases to examine the allegedly weakened structure. 
Naturally, crystallographic examinations are necessary in the analysis of certain 
substances such as narcotics. The many biological studies which occur in forensic 
science are not mentioned here, since that aspect of the laboratory has not been 
treated extensively in this text. 

2. THE MAGNIFIER OR SIMPLE MICROSCOPE 

In viewing an object the apparent size is determined by the size of the image 
received on the eye. An object can be obscr\^ed in greater detail if it is brought 




Fig. 235. 


closer to *= eye so at to give a larger retinal image. The size of the 

depends upon the magnitude of the angle which the object subtend at the eye^ 

focrtwkout strain. Widtin this distance - which is conventionally h^en^ 

ivergent to be brought to focus. By interposing a convex lens betwem *«ye 
and the object and bringing the object nearer to the le^ than tts 

desSied to accomplish magnification in this manner caUed a simple 
or Ignifier. Some of the magnifiers commonly employed by the cnmmalistici 

are shown in Fig. 236. • . c j oe Mlnwc- 

The magnifying power (M./>.) of such a lens is defined as follows. 

angle subtended at the eye by the image ( 1 ) 

^ anele subtended at the eye by the object at 25 cm 





^ A 


In Fig. 235a the object PiQ,i is placed at 25 cm from the unaided eye. In 
Fig. 235b, a lens L is interposed between the eye and the object P\Q^u yielding 
the image It is assumed for simplification that the eye is directly behind 

the lens. The object distance p is any distance less than the focal length F of the 


lens L. \V"e have, then, 


M,P. 


IPx EQiy ‘ 



Fig. 236. Hand magnifien. 


Since the angles are ordinarily relatu'ely small, we may express them in radian 
measure. 

Thus 


= ZPlOQj 


In Fig. 235a 



hence 





M.P. 


Pidi 
_ P 
PvQa" 

25 







M.P. - 

P 



Since, from the elementary lens relation, 







where Fis the focal length, and q is the image distance; we have on substituting 
for p, in equation (2), its value from equation (3) 


M.P. 


9 



25 

F 


(The sign of q is 
at 25 cm, i.e., q 


changed because the image is virtual.) If the image is formed 
= 25, we have 


M.P. = 1 + 


25 



When the image is at infinity, 


M.P. 


25 

F 



Since Fis usually small in comparison, the image distance does not substantially 
affect the magnifying power. If F = 1 cm, the magnifying power lies between 

the limits 25 and 26 ; hence in using a 



Fig. 237. A compound microscope. 


hand magnifier the difference in mag- 
nifying power brought about by vary- 
ing the image distance is negligible. 
There is, however, an advantage of 
illumination in holding the lens close 

to the eye. 

3. THE COMPOUND 
MICROSCOPE 

In Fig. 237 the principal parts ol 
the compound microscope are illuS' 
trated. Since the various parts an 
usually known to science students oi 
are easily identifiable with a micro 
scope at hand, reference will be mad( 
to many of them without further ex 

plana tion. 

The two essential elements c 
a microscope are the objective am 
the ocular. These are Ulustrate 
schematically in Fig. 238. The ok 

ject which is under examination 
placed just beyond the lower foe: 
point of the objective lens. An ei 
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Fig. 238. Schematic diagram of the com- Fig. 239. The condenser and plane 
pound microscope. mirror. 


larged real image of the object is formed at I\. The plane I\ is located just 
within the lower focal plane of the ocular. The image I\ now serves as an object 
for the ocular, and an enlarged virtual image of I\ is formed at h. 

The function of the condenser 
is to illuminate the object suitably 
for the purpose of the observer. 

Figure 239 illustrates the use of the 
condenser for concentrating light on 
the subject. A mirror is used with 
the condenser when the microscope 

is in the vertical position. For objec- pig. 240. The concave mirror, 

tives of power higher than 1 OX, the 

plane side (as in Fig. 239) is used with the condenser. For lower-power 

objectives the condenser may be swung out and the concave side (Fig. 240) of 
the mirror used. 

Before discussing these microscope parts in detail a brief treatment of the 
subjects of numerical aperture and resolving power is given because of the basic 
concepts which they contain for the understanding of an optical system. 



4. NUMERICAL APERTURE 

In any optical system — microscope, telescope, or camera — the amount of 
light forming the image is limited by either a lens or a diaphragm. This limiting 
element is called the aperture stop of the system. In a camera the diaphragm is 
the aperture stop. In a microscope objective the rim of one of the lenses is the 
aperture stop. The image of the aperture stop in the object space is called the 
entrance pupil of the system ; the image of the aperture stop in the image space 
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is called the exit pupiL In other words, the entrance pupil is the image of the 
aperture stop formed by the lens or lenses in front of the aperture stop; and the 
exit pupil is the image of the aperture stop formed by the lenses in back of the 
aperture stop. From the fact that the entrance and exit pupils are each conjugate 
to the aperture stop, it is obvious that they are conjugate to each other with 
respect to the entire optical system; i.e., an object placed at any of the three 
positions would be imaged at the other two. 

In Fig. 241 let D be the aperture stop, the entrance pupil, and £* the 
exit pupil for a point P on the axis, the image of which is P\ It can be seen that 

rays which, after refraction, will pass 



Fig. 241. Aperture stop, entrance and exit 
pupils. 


through DD' would, if unrefracted, 
pass through EnEn^ Hence the [>encil 
of image -forming rays makes a half- 
angle d at the point P, The angle 6 , 
which is the angle subtended at P 
by one -half the entrance pupil, is a 
measure of the light illuminating the 
final image. A ray making an angle 
greater than 6 cannot pass through 
the system. For various purposes this 
angle is measured in different ways. 
Relative aperture is the general term 
for such a measure. In photography 
the relative aperture is called the 
J! number^ which is defined as the ratio 
of the focal length to the diameter of 


the entrance pupil. The //number is used cis a measure of the illtimination 

falling on the photographic plate (Chap. 12). 

In microscopy, the measure used is the numerical aperture which is 

defined thus: = n sin 6 , where r is the refractive index of the object space, 

i.e., of the medium through which light travels from the object to the lens. It 
can be shown that the illumination is directly proportional to the square of the 
numerical aperture and inversely proportional to the square of the magnification. 


5. RESOLVING POWER 

In microscope objectives the aperture stop is usually the rim of the lowest 
lens. Thus we may designate the numerical aperture of the objective by 

N.A, = n sin 0 , 

where ^ is the half-angle of the outermost rays entering the lens and « is the 
refractive index of the medium in which the object lies. (This is the maximum 
available numerical aperture; in practice the N,A, is less than this valu^ 
The obliquity of these limiting rays is shown in the more extended theory to be 
a measure of the resolving power of the objective; i.e .3 it controls the Imear 
separation R of two point objects which can just be resolved by the microscope. 
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It can be shown that the limit of resolution, when axial transmitted illumination 
is used, is expressed by 


R = 


0.61X 

n sin 6 ’ 


or 


R = 


0.61X 

V A 



where X is the wave length of the light used in illuminating the object. 

From equation (7) we can see that the limit of resolution can be decreased by 
increasing the M.A. However, the maximum value which sin 6 can have is unity. 
The refractive index usually lies between w = 1 and n = 1.5. Decreasing X by 
using light of shorter wave length (e.g., ultraviolet light) aids in resolution; but 
this procedure too is restricted to the limit of visible light. Thus, although it is 
possible to increase the magnifying power of a microscope indefinitely by 
decreasing the focal lengths of the objective and ocular, the limitations set on 
resolving power by the factors in equation (7) make excessive magnification a 
fruitless operation. 


6. OBJECTIVES 

Designation 

Objectives are designated according to focal length, numerical aperture, 
magnification, and corrections (achromatic, apochromatic, etc.). They range 
in focal length from 48 mm, J^\A. 0.08, to about 3 mm, N,A. 1.40. Objectives 
of focal length less than 4 mm are usually of the immersion type. Special objec- 
tives are available for dark -field work and vertical illumination. 


Corrections 

An objective is usually corrected for one image distance and hence for one 

tube length. The more expensive microscopes have adjustable draw tubes with 

engraved scales. Achromatic objectives are corrected to eliminate chromatic 

aberration for two wave lengths, and spherical aberration for one wave length. 

(Chromatic aberration rays of different color do not have a common focus. 

Spherical aberration — rays from inner and outer areas of the lens do not have 

a common focus.) Apochromatic objectives are corrected to eliminate chromatic 

aberration for three wave lengths, and spherical aberration for two. This latter 

type of objective is quite expensive. A compromise in corrections and price is 

achieved in the semiapochromatic objective, in which fluorite is used for some 
of the elements. 

By correcting spherical aberration it is possible to image every point in the 

field sharply, but the resulting total image is a curved field; the position of focus 

must be changed in examining the center and edge of the field . Particularly 

in high-aperture objectives is this defect noticeable because of the small depth 

of field; hence resolving power is sometimes sacrificed in favor of a lower -power 

objective which gives a flatter field. We shall see later that some oculars are 
designed to aid in flattening the field. 
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Immersion Objectives 

We have already seen that, since = n sin d, the numerical aperture 

(and the resolving power) of an optical system can be increased by observing 
the object in an object space of higher refractive index, n. Water (n = 1.3) and 
cedar wood oil (n = 1.5) are the most commonly used liquids for this purpose. 
A drop of liquid is placed at the objective and the condenser to form a continuous 
medium for the light from condenser to objective. Water is used by biologists, 
since it is a natural medium for many of the objects which they study. 


OIL IMMERSION DRY 
OBJECTIVE OBJECTIVE 


OIL 




AIR 




^ 'y' y K 






COVER GLASS 
MOUNTING MEDIUM 

SLIDE 


AIR 












AIR y / OIL 

jTV / 'V UPPER LENS 

/ X,OF CONDENSER 

A B a' 

Fig. 242. The paths of rays entering the immersion and the dry 
objective. 


The efiect of an immersing medium on numerical aperture be seen 
from Fig. 242. Ray A firom the condenser cannot enter the dry objective because 
it is reflected at one of the intermediate surfaces. The corresponding ray A 
enters the immersion objective because it travels through a medium of higher 
refractive inde.x. Hence by means of the immersion medium, rays of greater 
obliquity are used and the effect is that of an increased numerical aperture. 


Focusing 

With the substage diaphragm stopped down for a narrow cone of light, the 
objective is lowered^bv means of the coarse adjustment until it is within iK o^ 
focal length distance from the slide. The mirror is adjusted untU the field is 
bright as obserN ed in the microscope. Using the coarse adjustment, the tube is 
raised until the specimen is in focus. The focus is then improved by means of the 
fine adjustment. With an unknown specimen the low-power objectives sho 

be used first. 
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7. OCULARS 

The purpose of the ocular is to form an enlarged, virtual image for the eye 
(or an enlarged, real image for the photographic plate) from the real image 
formed by the objective. The two types in most common use are the Ramsden 
or positive eyepiece, and the Huygenian or negative eyepiece. They may be 
readily distinguished by the fact that the Ramsden eyepiece can be used as an 
ordinary magnifier to examine an object. It is possible for a single lens to per- 
form the elementary function of an eyepiece; certain other requirements, 
however, must be fulfilled: (a) the eye should be immediately behind the eye 
lens to avoid extraneous light; (b) spherical aberration must be avoided and, if 
possible, an additional flattening of the field contributed ; (c) chromatic aber- 
ration must be avoided and, if possible, residual chromatic aberration from the 
objective corrected. These additional aims can only be achieved by a more 
complex arrangement of lenses. The upper lens (or combination of lenses) of 
an ocular is called the eye lens; the lower lens is called the field lens. 

Ramsden Eyepiece 

In its simplest form this consists of a combination of two convex lenses of 
equal focal length separated by a distance equal to two -thirds of this focal 



la) (b) 

Fig. 243. The optical system of: (a) the Ramsden ocular; (b) the 
Huygenian ocular. 


length. In use with the microscope it usually assumes the form of an achromatic 
doublet or triplet. 
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The real image from the objective is formed outside of the field lens of the 
Ramsden eyepiece at the lower focal plane of the ocular (Fig. 243a) ; hence this 
ocular is e.xcellently adapted to use with cross hairs. For micrometric work it 
has the advantage of subjecting the image and the cross hairs equally to any 
distortion that may exist in the combination. 

Huygenian Ey'epiece 

In this ocular the image formed by the objective lies beUveen the eye lens 
and the field lens, and serves as a \drtual object for the eyepiece (Fig. 243b) . 
The field lens reduces the size of the image formed by the objective, but increases 
the bri°-htness and the area visible. The eye lens, focused on this image, increases 
the magnification. If cross hairs are provided, they will lie between the lenses 

in the plane of the image formed by the field lens. 

Freedom from distortion is about equal in the Ramsden and Huygenian 
eyepieces. The Ramsden will give a flatter field. Because of the difficulty in 
correcting Huygenian oculars, their magnification seldom exceeds 12X, hence 
the Ramsden is used for greater magnification. 


Correction of Oculars 

In the image formed by an apochromatic objective the blue and red com- 
ponents are ma^gnified to a different degree ; thus we have two images of different 
color ^vhich do not coincide. This chromatic aberration is corrected by meam 
of what are called compensating oculars. For low-power work the Huygenian is 
used. The use of the Ramsden becomes important when high-power work is 

done with an apochromatic objective. 

Curs-ature of the field is another aberration which is not entirely eliminated 

bv an objective. When flatness of field is more important than achromatism, an 

ocular especiallv designed for this purpose may be used. Trade names such as 

“Hyperplane” and “Periplan” are used to designate these flat-field eyepieces. 

Magnification 

We have seen that the magnifying power of an eyepiece (magnifier) is given 
by M.P. = ^ , (equation 5) where F is the focal length of the combination in 

millimeters. Low-power eyepieces have a magnification of 5X lOX, or 15X; 
high-power evepieces may range up to 30X. The use of high-power oculars 
yields emptv magnification except in unusual cases where an objective is use 
of which the X-I . is large in comparison with the focal length. For ordinary work 

a lOX or 15X will be found satisfactory. 


8. CONDENSERS 


Selection 

In its simplest form the substage condenser is a convex 
image of a light source in the object plane. The primary 


lens which forms an 
function of the con- 
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denser is to illuminate the object adequately for the objective and for the pur- 
pose of the examination. A condenser should always be used with an objective 
of focal length less than 24 mm in order to fill the objective with a cone of light. 
The selection of the condenser is guided by the choice of objective. To provide 
the proper convergence of light for an objective, the of the condenser should 

equal the NA. of the objective. If this condition is not fulfilled, the available 
resolving power of the objective will not be realized. 

We may classify condensers as follows: the Abbe condenser, with one or two 
uncorrected lenses; the aplanatic condenser, which has superior correction for 
flatness of field; and the achromatic condenser, which is corrected for chromatic 
and spherical aberration. The N.A, of condensers varies from 0.2 to 1.0 for dry 
objectives. For immersion objectives special condensers with .V..'!. of 1.2 to 1.4 
are used. Dark -field condensers will be described later. 

Focusing 

The focusing of the condenser depends upon the method of illumination. 
When the large diaphragm is close to the lamp lens, which is used as a second- 
ary source of illumination, the condenser is focused by focusing an image of the 
lamp diaphragm in the plane of the object. To accomplish this, the objective is 
first focused as described above. With the lamp at a distance of about 15 inches, 
the lamp diaphragm is stopped down. By tipping the mirror and manipulating 
the focusing adjustment of the condenser, an image of the edge of the diaphragm 
can be brought into view in the microscope. With the condenser at its topmost 
position, it can be lowered until the diaphragm is sharply focused. 

Centration 

The objective and condenser must be carefully aligned for exacting work. 

Alignment of the objective has not been treated since few microscopes are 

equipped with an adjustment for this purpose. To align the condenser with 

respect to the objective, the ocular is removed and a pinhole cap inserted in its 

place. The condenser diaphragm can now be observed in the upper focal plane 

of the objective. With the diaphragm stopped down until it is visible in this 

plane, the circle of the diaphragm is now made concentric with the objective 
circle by manipulating the centering screws. 


9. DIAPHRAGMS 

Field Diaphragm 

This is an iris diaphragm used to limit the area of the object visible For this 
purpose It IS so situated that its image will lie in the plane of the object or its 
image (Fig. 244). A field diaphragm can be located in the eyepiece Fy in the 
plane of the object ft or immediately in front of the Uluminant (not shown in 
the il ustratton). Th„ last position will be the one with which we shall concern 
ourselves, ance it is the most common. It will be noticed that the three positions 
are mutually conjugate with respect to the intervening lenses; that is, an obiect 
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^ UPPER FOCAL PLANE OF EYE LENS 


placed in one position will be imaged at the other two. They are conjugate too. 

with respect to positions and in the diagram. The adjustment of the field 

diaphragm is one of the preliminary 

steps in a microscopic examination. 
When the diaphragm is considerably 
stopped down, its image may be seen 
in the ocular, if the substage con- 
denser is properly focused. The dia- 
phragm is then opened until the field 
is just cleared. In this position ex- 
traneous glare is avoided. Further de- 
crease in intensity is accomplished 
by the use of neutral filters. 


OCULAR 


IL .LOWER FOCAL PLANE OF EYE LENS 





4 -L UPPER FOCAL PLANE OF OBJECnVB 


/ OBJECTIVE 
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a', LOWER focal plane OF CONDENSER 



Fig. 244. Schematic diagram of the micro- 
scope showing the positions of the various 
diaphragms. 


Aperture Diaphragm 

This is an iris diaphragm which 
controls the angular aperture of the 
cone of light transmitted by a lens. 
When the diaphragm is partially 
stopped down, the peripheral area of 
the lens does not receive light and 
the emerging cone has a smaller apex 
angle. The diaphragm then becomes 
the aperture stop of the lens and de- 


termines the effective jV.A. To accomplish its purpose an aperture diaphragm 
mav be placed in the lower focal plane T. (Fig. 244) of the condemer or 
the upper focal plane A, of the objective (to control, in addition depth of field). 
The iris .4, of the eye also acts as an aperture diaphragm. It will be seen again 
that when the microscope is properly adjusted, these three posiUons are mutually 

conjugate with respect to the inter\'ening optical systems. 

Of the three, the most important is the substage diaphragm of Ae 
Since this is at the lower focal plane of the condenser, its image formed by the 
Ldenser will be at infinity; the objective, receiving the image by p^» 
will tom. another image at its upper focal plane. It » <or^2 etnife^ 

removed. (Its adjustment can be controlled by obsersmg tt m thts mannerO 
Previously it has been slated that the objective, when properly used, shoid 
act L the aperture stop of the microscope and the .Y.d. of the — ^ 

dUphragm would approximately fill the aperture of the objecnve; sli ht 
further r^uction in dte opening (BB' in Fig. 245) would pve a ^ 

obliquity of the ravs of light 45 “" actual N.A. is 

aperture of the objective is not utilized. Thus o* 

n sin 6: whereas the available N-A. is nsinO . 
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According to the Abbe theory, the greatest resolving power is obtained when 
the substage diaphragm is adjusted so that the aperture of the objective is two- 


thirds filled (as seen by looking down 
in the tube with the ocular removed.) 
Deviations from this theoretically op- 
timum position should be tried to 
suit the purpose of observer. If the 
diaphragm has too great an opening, 
the subject will be seen in a glare of 
light; if the opening is too small, 
resolution will suffer because the ob- 
jective is not properly used. The sub- 
stage diaphragm should not be em- 
ployed to control the intensity of light ; 
neutral filters should be used for this 
purpose. 

10. DEPTH OF FIELD * 

The depth of field of any optical 



system is inversely proportional to 


APERTURE DIAPHRAGM 


the magnification. In the microscope 
the depth of field d is given by 


Fig. 245. The effect of ^‘stopping down” the 
aperture diaphragm of the condenser. 



Hence, where N.A. (objective) is small we may say that depth of field is inversely 

proportional to the square of N.A. The depth of field of a microscope is very 

small. It IS aided greatly in visual work by the power of accommodation. In 

photomicrography, however, there is no assistance given by the eye and the 
depth of field is much less. 

In selecting an objective for depth of field it should be remembered that 

depth of field can be gained only by sacrifice of more desirable qualities such as 

grraty^.^. and good correction. The use of diaphragms to increase depth of 

field IS permissible in ordinary photography where resolving power is not in 

question; m microscopy, however, reducing an aperture diaphragm opening 
reduces the resolving power. 

An mcrease of depth of field d can be achieved by use of an appropriate 

mounting medium. The depth of field d of a subject in air is increased to a depth 
ot dn when immersed in a medium of refractive index n. 


IL ILLUMINATION OF TRANSPARENT OBJECTS 

Th 7 ^ ordinarily used to illuminate transparent specimens 

Ihe foUowmg are the more common types of illumination for this purpose: 

* See Chan. 12. 
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Bright-Field Illumination 

If a beam of light is transmitted through the object by means of a substage 
condenser the image appears on a bright, \s'ell -illuminated field. By manipulat- 
ing the mirror, the substage diaphragm, and the condenser, the light can be 

\'aried in the following ways: 

(a) Axial Illumination — By using the plane side of the mirror without a 
condenser, parallel rays of light can be made to enter the microscope. This light- 
ing is characterized by increased contrast and a decrease in resolution due to 
the omission of oblique rays. It is used with objectives of focal length 35 mm or 

greater. 

(b) Convergent lUumination — This lighting is achieved by focusing the 
condenser so that its upper focal plane lies in the plane of the object. This is 
the most common method of lighting in medium- and high-power work, and 
has been assumed in previous descriptions of the use of the condenser. 


Oblique Illumination 

The symmetrical lighting described above is sometimes inadequate to enable 
the obser\ er to visualize the relations of various surfaces of the object. For this 
purpose a decenterable substage diaphragm can be used to give an unsym- 
metrical lighting which by its shading emphasizes edges, fissures, and fine 
structure. This lighting is very useful in the examination of hair, fibers, textiles, 

crystals, and drugs. 



Fig. 246, The paraboloid con- 
denser. 

back of the objective or an iris 


Dark-Field niumination 
In this lighting the object appears bright 
against a dark background. It is used to re- 
veal objects which are too transparent or too 
smtiU to be seen against a bright field. A con- 
denser is employed in which the central rays 
are cut ofiF. Very oblique rays strike the object. 
Some of the rays are refracted and reflected 
by particles into the objective. The other 
rays do not enter the objective (Fig. 246). The 
X.A. of the objective must be lower than that 
of the condenser. A funnel stop inserted in the 
diaphragm ^vill lower the N.A. of a high-power 


The following two methods may be used to obtam dark-Seld 
I a) Dark-Ground Stop - The ordinary substage condenKr .s usrf r«th a 
central disk or dark-ground stop. The objective with this method should 

be 16 or 18 mm in focal length. 

f b) Special Condensers - A condenser which suppUes a hoUow cone of ra^ 
tensed high-power work. The parabolmd 
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medium-power objectives and the latter with high-power. Oil is always 
used between the condenser and the slide. 


12. ILLUMINATION OF OPAQUE OBJECTS 

Overstage lighting must be used for objects which are too opaque for trans- 
mitted light. For low-power work and work with rough surfaces the method 
described on pp. 549-550 is suitable. In medium- and high-power work with 
flat surfaces it is necessary to send light through the objective. A device for this 
purpose is called a vertical illuminator. Light is directed into the side of the 
microscope and deflected downward by means of a glass plate or prism. The 
objective serves as a condenser. The usual aperture and field diaphragms are 
used. Verticad illuminators find their greatest use in metallographic microscopy. 

13. METHODS OF ILLUMINATION 

It is not possible to obtain with a microscope results which are even moder- 
ately successful unless the object is illuminated with great care. For low-power 
work on opaque objects ordinary photoflood lamps are satisfactory if they are 
carefully placed. However, for high-power work on transparent objects another 
method is necessary. For this purpose an illuminant equipped with an auxiliary 
or btdPs eye condenser is employed. A diaphragm is located in front of the lens. 
Two methods of illumination are in common use. 


Imaging the Light Source in the Plane of the Object 

When the light source is at the focal point of the bull’s eye condenser, 
parallel rays emerge, strike the plane mirror of the microscope, and enter the 



Imaging 


substage condenser. If the condenser is in focus for parallel rays on the object 
plane, an image of the light source will be in focus there (Fig. 247). 


Kohler Illumination 

This is the most popular method of illumination for high-power work. It 
consists in imaging the light condenser in the plane of the object (Fig. 248). To 
do this the light source itself is moved beyond the principal focus of the con- 
denser lens. An image of the source is formed on the substage diaphragm and 
observed either by closing down the diaphragm or placing a piece of paper in 
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front of it. A field diaphragm in this illumination is situated as closely as possible 
to the bull’s eye condenser lens. The Uvo may then be considered to be in one 
plane. The substage condenser is no^v focused so that an image of the diaphragm 
is formed on the object plane. This is obsei^'ed by stopping down the field 



Fig. 248. Imaging the lamp condenser in the plane of the object (Kohler illumination). 


diaphragm and looking into the ocular for the black oudine. Since the light 
source was focused in the plane of the aperture diaphragm, it should now be 
possible to observ e its image by rcmo\dng the ocular and looking at the back lens 

of the objective. 


14. PROCEDURE IN USING THE MICROSCOPE 

Throu<^hout the above descriptions recommendations have been made for 
the proper'^use of each part of the microscope. These suggestions are integrated 
in the folloNv-ing summary. It is assumed that a symmetrical, bnght-field ex^i- 
nation is being made. The procedure ^^dll be described for both mediods of 
illumination: (a) imaging the light source in the object plane and (b) ima^g 
the illuminating condenser lens in the object plane (Kohler Illumination). It is 
assumed that the object slide has been prepared and that a cover glass of proper 
thickness is being used. We begin %vith both diaphragms fully opened and 
aperture diaphragm approximately centered with respect to its mount. 


Light Source Imaged in Object Plane 

1. Adjust the lamp for parallel rays by focusing on a waU about 25 ft away. 
Illuminate the plane side of the mirror ^^hth a parallel beam of light. 

2 Looking at the objective and stage from the side, lower the objective un 

■ it is at a point very close to the object slide. \Vith the eye at the ocular 
adjust the mirror until the light is sdsible. Raise the objective to rough 
focus by coarse motion, using the fine motion to raise and lower about 

the point of fairly satisfactory focus. 

3 ParLlly stop dLn the field diaphragm and, by focusing the substage 

condenser, obtain its image in the field of vie»- c d,, 

4, By adjusting the mirror, center the image of the field diaphragm m the 

field of view. 

5, Clear the field, i.e., open the field diaphragm untj its rniage just ths- 
appears from the field of view. 
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6. Partially stop down the aperture diaphragm- Remove the ocular and 
observe its image in the back lens of the objective. Center this image by 
adjusting the aperture diaphragm. Open the aperture diaphragm until 
two-thirds of the back lens is filled with light. 

7. With the ocular replaced, examine the image and make final adjustments, 
viz,, fine focus, filters, choice of field, etc. 

Image of Condenser Lens in Object Plane (Kohler niumination) 

In step (1) a parallel beam is not necessary. After step (2) of the above pro- 
cedure focus the condenser lens of the Uluminant so that an image of the light 
source is seen in the plane of the aperture diaphragm. This can be done with the 
diaphragm stopped down. The front lens of the substage condenser should be 
uniformly filled with light in order that the available N.A, of the object can 
be used. 


15. NORMAL MAGNIFYING POWER 

In order to determine the most useful magnification at which a microscope 
is used, it is necessary to consider the normal magnifying power of the instrument. 
The definition of this term is given by the relation: 


Normal magnifying power 


N.A, of objective 

■ I — »■ I I 

N,A, of eye 



If the pupillary diameter is taken as 2 mm, the NA, of the eye for an object 
in air at 250 mm (normal viewing distance) is given by 


NA. ^nsind 0.004. 

Z!)U 


From equation (7) the limiting separation of two points which are just dis- 
tinguishable at this distance when viewed with monochromatic yellow light 
(X = 550 m/i) is 


0.61X 

n sin 6 


0.61 X 5.5 X 10-* 
0.004 


= 0.08 mm. 


For two objects which can just be distinguished by a microscope objective of 
X.A. = 0.95, the linear separation is 



0.61 X 5.5 X 10-* 
0.95 


= 0.0003 mm. 


The N.A. of the objective in this case is or 240 times the N,A. of the 

u^ded eye ; hence to fuUy utilize the available resolving power of this objective, 

the ma^iifying power of the microscope bhould be at least 240 , i.e., the normal 
inagnifymg power in this case. 
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In general, we have 


Normal magnifying power 


of objective 

0504 

250 X of objective, 


( 10 ) 

If a magnifying power lower than 250 X is used it will not be potnble 
to see all the available detail. Using a higher magnifying power will reveal no 
additional detail and will be attended by a decrease in brightne». Since, how- 
ever, it is more comfortable to view a larger image if sufficient illumination is 
present, in practice higher magnifying powers are commonly employed. Where 
the lighting permits, as much as twice the normal magnifying power can be 

used. 

16. MAGNIFYING POWER 

The magnifying power of the compound microscope is given by the product 
of the magnifying powers of the objective and the ocular. Since the image formed 
by the objective is examined directly by the ocular and not by the eye, the 
magnifying power of the objective may be considered to be simply the rnagnih- 
cati^on between the object and the image. Applying equation (8) of Chap. 12, 
we may express the magnifying power Af. of the objective as 

q-F. 


M, = 


F. 


where F. is the focal length of the objective and y - F, is the distance of the 
image from its upper focal plane. The image formed by the objective is t^y 
at the lower focal plane of the ocular. The corrections which arc made in a 
microscope objective require that it be used at fixed image dUtance. The manu- 
facturers usuaUy specify that the distance from the upper focal plane of the 
objective to the lower focal plane of the ocular should be approximately 180 mm. 

Thus our equation becomes 

180 . ( 11 ) 


M. = 

magnifying power M, of the ocular 

250 


M. = 


F, 


( 12 ) 


(13) 


where F, is expressed in millimeters. 

For the complete instrument the magnifying power is given by. 

180 ^ 250 
M = Af, X Af« p X p^ 

The value of M. ia usually inscribed on die oNeelive 
A ’pholomicro^aph is urindly designa.ed as having a magndfcannn of » oum. 
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“X,” e.g., “400X.” Unfortunately this designation of magnification by a prod- 
uct has the disadvantage at times of leaving the separate magnifications of 
objective and eyepiece in doubt; in addition it fails to specify photographic 
enlargement. VVe have seen that the objective is the determining factor in 
resolving power; the eyepiece pro- 
duces further magnification without 
further resolving power. It is well, 
then, to make a notation on photo- 
graphs of the magnification of both 
objective and eyepiece. 

The magnification as determined 
above is at best a rough determina- 
tion. For accurate work a determina- 
tion should be made bv means of a 
scale. There are several methods for 
doing this. We have seen earlier 
(Chap. 6) how this is done with a 
micrometer microscope. A filar mi- - 
crometer eyepiece with a movable 
scale or cross hair can be obtained 
to adapt the ordinary microscope to 
micrometry. In conjunction with this 
eyepiece a stage micrometer scale 
should be used. This is simply a glass 
slide which is ruled in appropriate 

dimensions, such as 1 mm divided into 100 parts. Another and simpler means 
for micrometry is the ocular micrometer which has a scale fixed in its first focal 
plane. This scale will then be coplanar with the final image. It must of course 
be first calibrated by means of a stage micrometer. 



Fig, 249, Greenough binocular microscope. 


17. SLIDES AND COVER GLASSES 

Microscopical objects which are to be mounted are immersed in an appro- 
priate medium on a glass slide and then covered with a cover glass. The slide is 
usually 1 to 1.5 mm thick. For liquids of low surface tension slides with concave 
depressions are used. Cover glasses are available in three thicknesses: No. 1, 
approximately 0.15 mm; No. 2, 0.2 mm; and No. 3, 0.25 to 0.50 mm. Since the 
cover glass alters the length of the optical path, objectives are usually corrected 
lor a specified cover glass thickness such as 0.17 to 0.18 mm. If a glass is used of 
greater thickness than that for which the objective is corrected, it is necessary 
to shorten the tube length; if the glass is too thin, the tube length must be in- 
crease This correction can sometimes be made by means of a special collar 
on t e objective. Failure to make this correction does not become serious e.xcept 
w en short focal length objectives such as 4 or 3 mm are used. It should be 

M oil -immersion work the refractive index of the cover glass 

should be very close to that of the oil. ® 
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CHAPTER 39 


PHOTOMICROGRAPHY 


What has been previously said concerning the photography of evidence is 
applicable ivith greater emphasis to photographs of microscopic findmgs. The 
practice of permitting an expert to testify concerning his microscopic observa- 
tions ^vithout submitting photographs of the evidence is in many ways unde- 
sirable, particularly in a trial where there are two opposing experts. In a case 
of firearms identification, for example, the comparison of two shells in rourt 
can be most effectively and simply made by submitting a low -power photo- 
micrograph to the jury and then discussing the points of similarity m the marit- 
inc^s Such an examination is a relatively simple matter, but the mere verbal 
tesdmony unaccompanied by photographs conveys little to judge or jury. In 
such cases, the jury usually passes judgment only on the personality of the expert 
and not on the merits of his testimony. In addition, where one expert s testimony 
is challenged by another, the presence of a photograph may offer a meetmg 

srrouncl for the dispute. * i *« 

The permanence, too, of the photographic record has great value in mi- 
croscopy because of the perishable nature of certain types of physical evidence. 
Semen Laminations offer a good example of this class of evidence. As we have 
seen a conclusive factor in such an examination is the identification of a sper- 
matozoon under the microscope. If a photomicrograph is not made at the time 
Tf obser^-ion, the only record of the observation exists in the obsers.r s memory 

^"^'Inlllv the objectivity of the photomicrograph contributes to the weight of 
Fmalh , the ^ ^ case in which the nature of 

defending his analysis. obiectmty of the photo- 

There are, however, serious is e.xtremely 

micrograph. Inlerpretat.on o( J,, Object b Uluminated and 

Zr^ern rgZTchangc ib appearance iha. fresuenily only a pebon o, 
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considerable experience can properly interpret the image. The significance of 
lio-hts and shadows can be easily lost to the beginner, so that he may be led to 
interpret the outlines of the object to represent precisely the opposite of the true 
picture. The microscope is the optician’s pinnacle of achievement, and should 
not be looked upon as a reading glass carried to its ultimate development. 

1. THE CAMERA 

For high-power work the camera consists essentially of a bellows and plate 
and is attached, without photographic lens, to the microscope. In low-power 



Fig. 250. Photomicrographic camera with 
adjustable bellows. 



Fig. 251. Photomicrographic camera with 
fixed bellows* 


photomicrography the microscope need not be used; instead, a photographic 
objective is used as a magnifier and is attached to the camera by means of a lens 
board in the usual position. 

Two general types of camera may be mentioned: the adjustable bellows 
(Fig. 250) and the fixed bellow's extension (Fig. 251). The former is preferable 
for critical work. It is ordinarily equipped with a scale to measure bellows exten- 
sion for the calculation of magnification. The second type is usually attachable 
to the microscope. Strictly speaking, the bellows extension is not completely 
fixed since the distance of the ocular from the plate is variable. .Some of these 
cameras are equipped with a viewing eyepiece and prism so that the field can be 
viewed until the exposure is made (Fig. 251). .\mong the cameras of the second 
type IS the 35-mm camera such as the Leica' or Contax. Special attachments can 
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be obtained to hold the camera o\ er the microscope (Fig. 252). This is another 
example of the ^vide applicability of the 35 -mm type of camera in the work of 

criminalistics. 



Fig. 252. Photomicrography with the 35 
mm camera. 


2. MAGNIFICATION 


The concept of “normal magni- 
fvdns poAver” is not applicable to 
photomicrography. Magnification 
can be determined by means of the 
following equation: 



where m' is the magnification of the 
photographic image with respect to 
the object : M is the magnifying power 
of the microscope as given by equa- 
tion (,13) of Chapter 38; .v is the bell- 
ows extension of the camera in mm; 
and 250 is the distance in mm at which 
the image is seen when the microscope 
is used visually. The derivation of 
this equation can be seen from Fig. 


253. If the ground glass is located in the plane AA\ 250 mm from the eyepiece, 
the magnification is the same as it would be for visual work. Extending the 
bellows'a distance .v from the eyepiece will result in an image at mag- 

nification is now related to the previous magnification by the ratio which is 


-V 

the same as 

2a0 

3. PHOTOMICROGRAPHY 
WITH THE MICROSCOPE 

For criiical work the full micro- 

jcopc should be used. The camera 

is fitted o\cr the eyepiece and the 

imaee is projected on the ground 

class. .Since in ordinary use the 

objccti\e projects a real image in the 

first local jdane of the eyepiece, which 

% 

then this image into a \ ir- 

lual irnaire at a distance of 250 mm 
from the it is necessary to alter 



Fig. 253. 


I he 

arid 

the 


di-iance benvecn the eyepiece 
liie tibjecihc' in order that a real image can 
nroundulass of the camera. This real image is 


be formed by the eyepiece on 
obtained by having the image 




PHOTOMICROGRAPHY 


545 


from the objective placed in front of the first focal plane of the eyepiece. To 
accomplish this a photo-eyepiece is used as the ocular. The real ima^e should 
not be obtained by refocusing the objecuve, because the objective will then be 
in use at an image distance (and working distance) for which it is not corrected. 





FINAL IMAGE 


Fig. 254. Illustrating the formation of the i 
photomicrography. 


in 


It is a good practice to determine magnification also by later photographing 
a stage micrometer with the apparatus in the same position. 


4. DEPTH OF FIELD 

It has been previously stated that depth of field in photomicrography is 
considerably less than in visual microscopy. Since depth of field is inversely 
proportional to the square of numerical aperture, the employment of low 
magnifications offers one solution. Objectives equipped with iris diaphragms are 
another means of enhancing depth (at the expense of resolution). At low power 
a stereoscopic arrangement (binocular microscope, camera attachment, and 
print viewer) provides an excellent impression of depth. The problem of depth 
of field will be found to be more serious with opaque surfaces which are usually 
fairly uneven. 

Since depth of field is greatly desired in photomicrographs that are to be 
used for court demonstration, it is recommended that unnecessary magnification 
by means of the objective be avoided. The needed resolving power should of 
course be attained. If it is then desired, for the purpose of comfortable viewing^ 
to produce a larger photograph, the subsequent magnification can be achieved 
by projection printing. 


5. EXPOSURE^ ® ^ 

Because of the possibility of vibration in the apparatus, exposures in photo- 
micrography should be shortened as much as possible. Low magnification and 
strong illumination are the obvious aids to short exposures. Kohler illumination 
IS used for this reason, in addition to its other advantages. 

Exposure time in photomicrography is not readily predictable without con- 
siderable experience. The beginner should determine exposure time by means 
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of a test negative. The plate sheath is withdrawn partially and exposures made 
after successive partial withdrawals. The exposure times should form a geometric 
series. The range of exposure time in test negatives can be gradually diminished 
under the guidance of experience. Exposure data recorded for each negative will 
be found helpful. 


6. PROCEDURE IN HIGH-POWER PHOTOMICROGRAPHY 

Critical work in high-power photomicrography requires complete optical 
alignment of the various pans — camera, illuminant, and microscope elements. 
A photomicrographic arrangement is properly aligned when all of these parts 
have the same optical axis and the axis is normal to the negati\e at its center. If 
the microscope is upright, the axes are mutually perpendicular and centered. In 
the follo\\ing procedure it is assumed that Kohler Ulumination is being used. A 
horizontal setup (Fig. 255) wUl be described. (The procedure for the vertical 
arrangement is the same except for the additional step of centering the image 
of the filament or arc to the mirror.) A bellows camera 5 by 7 or 8 by 10 
is used. This should be equipped with an iris diaphragm or a disk with a pinhole 
at its center which can be placed over the opening for centering purposes. The 
camera and microscope are brought together by means of lighttight sleeve con- 
nectors. A dummy ocular with a pinhole at its center or simUar arrangement is 

needed for centering the microscope. 


Alignment 

The optical axis of the whole photomicrographic arrangement is fixed by the 
axis of the camera — the line joining the pinhole opening of the iris diaphragm 
(or the disk) to the center of the negative. The axis of the other elements wUl now 
be aligned with this axis. With the bellows fully extended the iris diaphragm 
should be stopped down to the sm allest opening (or the disk placed m posiuon) 
To align the illuminant the elements — light condenser lens and light source 
(filament or arc) — must be aligned with respect to each other and then witl 

the camera axis (the order of these steps is not fixed). 

(1) Open the field diaphragm at the illuminant. (2) Remove the illumman 

condenser lens (where possible) and arrange the light source by means of thi 
centering adjustment so that a spot of light is seen in the center of the ground 
glass of the camera. (3) Replace the lens and adjust with respect ^ 
source until the spot is again seen at the center when the lens is focused WTie 
the lens cannot be removed, the light source is centered with respect to th 
condenser and the whole adjusted until the light spot is seen on the center of th 
ground glass. The lamp distance should be such that when the microscope is 
^ace the image of the source fills the front lens of the substage condensen 
The axis of the body tube of the microscope must now be aligne % 
illuminant and camera. This axis is determined by the center of the ^ 

the substage aperture diaphragm. Usually the latter of Jese is center^ 
(1) With the microscope clamped in a stand remove the objective, condense 




(d) 


ig. 255. (a) Aligning the optical axis of the camera with the lamp to form 

of the system; (b) aligning the axis of the illuminant. The 
eld diaphragm and the bull’s-eye condenser have been placed on the 
lamp; (c) aligning the condenser and the objective (where possible i- (di 
aligning the body tube of the microscope. A pin-hole is used and the aper- 
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and ocular. Insert a dummy ocular with pinhole. (2) Center the aperture dia- 
phragm with the respect to its mount and stop down to a small opening. The 
beam’ of light should still be seen at the center of the groundglass. Where this 
condition does not obtain, the microscope must be moved as a whole vertically 
or horizontally until the beam is centered. (3) With the camera diaphragm open 
and the microscope in a horizontal position adjust the microscope so that the 
sleeve connectors of camera and microscope can be telescoped when the lens 
board is moved toward the microscope. Now adjust the microscope until the 

spot of light is again seen at the center of the ground glass. 

Either (or both) the substage condenser or the objective is centerable. The 

centerable element must now be aligned. (1) Rack back the front of camera and 
replace the pinhole ocular arrangement with a regular ocular. Place the objec- 
tive, condenser, and object slide in position; partially open the substage aperture 
diaphragm, and focus the objective on the object. (2) Focus an image of the 
light source in the plane of the substage aperture diaphragm. (3) Partially stop 
down the field diaphragm and focus the substage condenser until die image of 
the diaphragm appears sharply in the field of view. (4) Center the image of the 
field diaphragm bv centering either (,or both, if possible) the substage condenser 
or the objective and repeat ^2) and f3) ; open the field diaphragm until its image 
coincides with the desired field of view. The following final adjustments are then 
made- U) Remove the ocular and adjust the aperture diaphragm until the back 
lens of objective is two-thirds filled with light. (2) Place a photo-eyepiece m the 
microscope and rack the front of camera forward until the sleeves ^e tele- 
scoped. Looking at the groundglass, focus the microscope critically (3) By rack- 
inc^ the back of the camera, limit the field of view as desired. (4) Looking at 
croundglass, focus the microscope critically. Examine the central clear area o 
the glass (or clear glass back) with a suitable magnifier for final focusing. If the 
.nac;mfier has an adjustable focus, it should first be focused on the cro^ hair Imes 
of the clear glass. (5) Insert the plateholder and after cessation of ^abratlon 
expose the plate. Control of exposure may be had by means of a shutter or a 

liehi switch. 


7. SUBJECTS IN PHOTOMICROGRAPHY 

For the purposes of forensic work photomicrographical specimens may be 
classified into the following divisions; 

(a) Surfaces at low magnification 

(b) Fibers 

(c) Powders and particles 

Id) Mcialloeraphic and petrographic specimens at high magnificanon. 

The latter three o( these divisions comprise subjects which require eatensi« 
stud?and" re treated in available textbooks. The first division is more spec.fi- 
callv concerned with the problems of criminalistics. In certain cases a J 

designed microscope, the comparison microscope, is necessar>' or t e exam 

and comparison of this type of evidence. 
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Surfaces at Low Power 

A large part of laboratory microscopy will deal not with the identification of 
the nature of materials or with the analysis of extremely fine structure but rather 
with relatively gross comparisons of surfaces. Surface markings, texture, and 
workmanship will be examined to determine whether two specimens ha\e a 
common origin. Among the specimens which will be encountered are the folhjw- 
ing: paper, textiles, leather, wire screens, surfaces bearing handwriting or type- 
writing, bullets in firearms identification, fractured metal parts ( to show a fitj, 
tool marks, deleted numbers which have been restored by etching, and paint 
films. Usually it is not necessary to employ filters in this type of photomicrogra- 
phy. However, with certain objects such as textiles or leather a color filter should 
be tried to improve the contrast. Cover glasses arc avoided because of their 
tendency to contribute glare under these lighting conditions. Sometimes, to 
increase the apparent depth of field, the specimen is immersed in a mounting 
medium of higher refractive index. 

Careful mounting of the specimen is important in obtaining a satisfactory 
picture. Textiles may be mounted by drawing them over a metal ring and 
fastening the ends by a rubber band or other means. Paper and leather may be 
made flat by means of cement or tacky tape at the corners. Small ol)Jects such 
as wire sections or bullets can be supported by means of small bits of modeling 
clay or bee’s wax. The supports should not, of course, be visible in the field of 
\dew. 

Photomicrographs of these specimens are usually made at 40X or less. A 
photographic objective of focal length greater than 16 mm is used. The 32-mm 
objective will have the most application in this work. In certain types of com- 
parison work, such as that of handwriting, bullets, and tool marks, a comparison 
microscope is excellendy suited for graphic illustration of the points at issue. 

Over -stage illumination is usually employed in work of this nature. The 
major problem in lighting is to obtain a broad, uniformly illuminated field. For 
this purpose two or more lamps may be used, two usually being sufficient. The 
lamps are ordinarily separated by an angle of 90 degrees or more. The optimum 
angle is determined by examination of the groundglass. Similarly, the height 
of the lamps or angle of incidence of the illumination must also be chosen after 
experiment. In examining the groundglass the photographer should look for the 
following faults: unnecessary highlights or glare due to direct reflection of light 
into the lens from certain object areas; a flat field due to absence of any con- 
trasting shadow^s; deep shadows which conceal important detail. The latter two 
errors are controlled by the placement of the lamps. 

To eliminate unwanted highlights special care must be exercised to obtain 
a uniform field of illumination. A plane mirror can be placed in the field to test 
for glare. When the illuminants are not \'isible in the image of the mirror, the 
eld IS free from glare. In Fig. 256 a simple and effective scheme of illumination 
IS shown. In addition to the usual microscope illuminants, bull's-eye lenses are 
used. An image of the lamp diaphragm (or of a diffusing plate placed near the 



550 


AN INTRODUCTION TO CRIMINALISTICS 

diaphrasjm) is formed in the object field by means of the bull s-eye lens. The 
area of the circle of light can be varied by changing the distance beuveen the 
lamp and the bull’s-eye lens (in addition to the usual iris diaphragm control). 
Changing this distance will alter also the intensity of the light. 

The lisht from each lamp must be centered on the object field. Shillaber^ de- 
scribes a convenient method for doing this. A small white card serves as a test 
object. Three or four circles are drawn concentric with a black dot on the card. 



Fig. 256. An arrangement for low-power photomicrography. 


The dot is then adjusted untU its image lies in the center of the groundglass of 
the camera. Each light source is now centered separately. The lamp is fi^t 
directed toward the target. If a diffusing plate is used, the lamp is adjusted for 
parallel ravs. The bull’s-eve lens is placed in the path and adjusted so that a spo 
of light is formed coincident with one of the target rings. The target is now re- 
placed by the specimen so that the plane of greatest interest is at the same le^el 

as that w hich the target occupied. 


The Comparison Microscope 

This instrument is ideally suited to the work of a police laboratory. 
forensic problems involve a direct microscopic compartson at low power. In 
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mark cases and bullet comparisons, 
for example, it is necessary to match 
a number of fine lines in the evi- 
dence sample and the standard. To 
do this with a degree of ease it is nec- 
essary' to have each specimen on a 
separate microscope stage. In the 
comparison microscope two stages 
and two objectives are used (Figs. 
257 and 258). By means of prisms 
the images from the objectives can 
be obseiA'ed through a single ocular. 
The images appear in one field, sep- 
arated by a fine line. Fig. 259 shows 
the optical paths in one type of 
comparison microscope. 

The following general procedure 
will be found applicable to most 
comparison microscopes, particularly 
the one shown in Fig. 257: 



Fig. 257. The comparison microscope. 


(1) Focus the ocular on the dividing line. 

(2) Adjust the specimens in the approximate positions which they will oc- 
cupy in the photograph. 

(3) Focus one of the specimens by manipulating the stage until parallax is 



Fig, .58. Another type of comparison 
nucroscope. 


eliminated; i.e., when the eye is 
moved across the ocular there should 
be no relative motion between the 
object and the dividing line. If mo- 
tion is observ ed this indicates that the 
image of the object is not in the plane 
of the dividing line. 

(4) Repeat this procedure with 
the other specimen. 

(5) Adjust the specimens so that 
the lines are matched and properly 
centered in the field. Refocusing may 
be necessary^ after this step. 

(6) Lower the camera over the 
microscope leaving adequate space 
for the ocular to move upwards. 

(7) Obser\-ing the field through a 
magnifier on the clear area of the 
groundglass back, turn the oculai 
upward until the dividing line is in 
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sharp focus. If all the steps have been performed correctly, images of the spec- 
imens should now be in correct focus without parallax and equally magnified. 
If this condition is not achieved the whole procedure should be repeated. 

There are two common errors. First is failure to focus the ocular correctly 
on the dividing line in step (1) above. This results in the dividing line not being 
in focus on the groundglass when the rest of the field is in focus. The operator 
should determine by experiment the position of the ocular for which the dividing 
line is in correct focus. The experiment would consist in following the complete 
procedure described in the preceding paragraph until perfect focus is simul- 



Fig- 259. Optical paths in a comparison microscope. 

taneously obtained for the held and the dividing line. The position of the ocular 

in step (1) may then be marked by a small scratch on the =<>“« “f 

A second error lies in failure to focus correedy in steps (3) and (4). Unle 

the specimens are carefully focused, their images will be at 

tions; and corresponding markings wUl not be perfeedy aligned. I" ^dmon 

dividing line and the specimens will not be in focus “n ' = h„uiH be ever- 

cised i^deterntining the position of correct focus. The test for paralla., should be 

'"th'^flluradtol’s^'mt^^ 

presenu a problem because of the number of lamps required. The illuminanu 
attached to the microscope are adequate for visual work but not for photogr p y. 
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With many subjects it is desirable to employ the method of illumination de- 
scribed above for low power. This, however, would entail the use of two pairs ol 
similar lamps and four bull’s-eye condensers. Such equipment is not ordinarily 
available to the microscopist. One solution is to employ two lamps and con- 



Fig. 260, A comparison of two bullets by means of the comparison 
microscope, H^ote the sharp dividing line (running horizontally) in 
the center of the photograph. 


densers, and to photograph each half of the field separately. The lamps are 
moved between exposures and arranged in the corresponding position for the 
second specimen. For bullet comparisons (Fig. 260) and other work where the 
direction of the lighting with respect to the field is important, a single lamp and 
condenser can be used for each specimen. Small white cards may be used with 
bullets to illuminate the side of the bullet opposite the lamp. 

Fibers^* 7. 8. 9. 10. 1 1 

Fibers and hairs are frequently encountered as traces at the scene of the 
crime. The following are some of the more common fibers: cotton, wool, rayon. 
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nylon, paper, hair, fur, and feathers. A magnification of 200X to 400X is usually 
employed. Ordinarily the illumination is that of transmitted light, but over- 
stage lighting is sometimes used (in hair examinations, for example) to examine 

surface structure. 

The specimen is photographed longitudinally or in cross section. \\Tien 
vie%ved lon^itudinallv it is usually necessary’’ to make the fiber transparent. 
Bleaching may be required where the fiber is not naturalh transparent or is 
dyed. A suitable mounting medium is used. Hair and deepl\ d\ed textiles, for 
example, are mounted in a liquid of refractive index of approximately 1 .55. 



Fig. 261. A microtome. 

The cross-sectional surface is of great importance in the case of hair where 
it mav serve as a means of distinguishing human from antmal hatr. In 
the fiber the aim is to cut w ithout shearing or tearing s.nce ^ 

tissues a cross-sectioning dec ice is indispensable. Such an instrument ncaJW a 

„„cre,.a.e. It may be of the elaborate type such as that ‘l>u-ated m Ftg. 26 0^ 
a simple instrument such as the Hardy microtome which u 
cross-sectioning fibers. relatively comple.v technique is required 

proper use of the microtome. 

Powders and Particles’^- 

This division includes materials which, under the microscope presen a Md 
of discrete entities such as particles or cells. The subjects of most frequent 
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rence in forensic microscopy are gunpowder, cosmetics, narcotics, drugs, sugar, 
starch, abrasives, soil, paints, blood and other bacterial smears. Magnifications 
of lOOX to 500X may be required. The illumination is ordinarily substage — 
bright-field or dark-field. Mounting media and stains are usually employed. In 
fact, the complete resources of the experienced inicroscopist are required in work 
of this nature. The reader is referred to the references listed above for specialized 

rnethods. 

Metallographic and Petrographic Specimens^“'^'^-^^*^^*^®*^^ 

This class includes opaque specimens which are examined at relatively high 
magnifications. Vertical illumination is used. WTere special equipment is not 
available the biological microscope may be used with a vertical illuminator. 



^is* 262. A photomicrograph of coal dust found in a suspect’s trouser 
cuflF. 


Specially designed microscopes are available for this work — the metallographic 
microscope for metal specimens which are polished and etched, and the petro- 
graphic microscope for polished ore specimens. 

Metal specimens are examined microscopically in cases of identification and 

comparison. It is, however, in cases of accidents and sabotage that elaborate 

metallographic technique is required. Failure of chains, clamps, and other metal 

equipment under load may be due to defective material or tampering. An 

examination of the cross-sectional surface will reveal defects due to the treat- 
merit of the metal. 

The preparation of metallic and petrographic specimens requires special 
equipment for mounting, grinding, and polishing. A molding press and a lap 
are necessary. The polished metallic specimen must also be etched. 
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2S, 29. 30.31 

The use of stains is an indispensable part of the technique of the nucro* 
scopist especiaUy when dealing with biological subjects. The purpose of staining 
is to increase the contrast between various parts of a specimen and also to 
increase visibility in the same maimer as a mounting medium. Some elemmts 
in a specimen wiU absorb a stain to a greater degree than others. It is posable 
to stain dififerent elements of the same specimen with difiFerent dyes. Thus, if 
there are two kinds of fibers present, it may be possible to distinguish one fi:om 
the other by means of two different stains. Methylene blue, Herzberg’s stain, 

Lugol’s solution are some of the stains of wide applicability. 

Table 24 lists some of the more common biological stains. (The table is 

explained below under ^'Filters. ) 


TABI.E 24 



STAIN 


WRATTEN FILTER 


Acid filchsine 
Aniline blue 
Azure I 
Basic fuchsine 


Crystal violet 
Eosine Y 

Hematoxylin (Ehrlich) 
light green SF 
Methyl green 
Methyl violet 
Methylene blue 
Orange II 
Safranine O 

Sudan III 


Sudan IV 


5300-5600 

5500-6200 

5800-6400 

5200-5500 

5000-5700 

5500-6100 

4900-5300 

Gradual through green 
6000-6600 
6200-6500 
5500-6000 

6000-6200 and 6500-6800 

4600-5100 

4800-5400 

General in blue and green 
wifli inaicifmim at 5000 


B and G 
B and E 
B and £ 

B and G 
B and O 
B and G 
B and H 
B and G 
F 
F 

B and E 

A 

C 

G and H 
G and H 

G and H 


REGION USED 


5100-6000 

5600-6000 

5600-6000 

5100-6000 

5100-6000 

5100-6000 

4800-5400 

5100-6000 

6100-6800 

6100-6800 

5600-6000 

5900-7000 

4000-5100 

5100-5400 

5100-5400 

5100-5400 



8. MOUNTING MEDIA®*- 

mount me specimen m mniintine medium serves sevocal 

used, but Uquid media are more cotton. The ^ 

choice of a mounting medmm claLa of sped- 

of the more commoniy used media are bated m Table 2S. 
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TABL£ 25. Common Mountin? Media 


MEDRJM 

REFRACTIVE INDEX 

*W ater 

1.33 

Glycerin 

1.46 

♦NujoJ 

1.47 

Dammar 

1.52 

Canada balsam 

1.54 

*Bromoform 

1.57 

St>Ta.K 

1.57-1.60 

*Bromon aph t haJenc 

1.66 

Styrene resin 

1.66 

*Methylene iodide 

1.74 


* These are useful only for temporary mounts 


9. FILTERS* 

We may classify filters in photomicrography according to their function. 
Neutral filters, which absorb uniformly in all wave lengths, are used to control 
the intensity of the light; color filters control contrast and assist in the color 
corrections provided by the optics of a microscope; heat-absorbing filters are 
used to protect the microscope and the specimen from the intense heat given by 
powerful light sources such as arc lamps. 

Filters are ordinarily placed between the lamp and the microscope. Neutral 
filters which have a ground glass surface are used as diffusing plates and are 
placed close to the lamp in order that they may serve as a secondary light source. 

The selection of filters for contrast must be guided mainly by e.xperience. A 
few general principles can be given. Blue filters aid in resolving very small parti- 
cles, because of the shorter wave length of the light transmitted. A green filter 
such as Wratten No. 62 or Corning No. 401 is used extensively, especially in 
photomicrography of metals. Information concerning the filters which are 
particularly helpful in special branches of microscopy can be obtained from the 
literature. As a general guide, when contrast is required. Table 26 may be used. 


TABLE 26 


COLOR OF STAIN 

COLOR OF FILTER 

Blue 

Red 

Green 

Red 

Red 

Green 

Yellow 

Blue 

Brown 

Blue 

Purple 

Green 

Violet 

Yellow 


Phi atT"' 't of commonly used fUten are given, 

ese Blteis can be used m combination, as described there, in order to limit 

* See Chap. 15. 
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light to a narrow spectral region. The advantage of using a narrow trans- 
sion band lies in improved definition as well as contrast. As we have seen 
roscopic objectives are corrected for only certain wave lengths; hence th< 
plo'j’ment of approximately monochromatic light leads to better focus. 
Table 27 lists some of the more commonly used filters. 


TABLE 27 


SPECTRAJu REGION TRANSlflTTBD 


WRATTEN NUMBER 

NAME 

VISUAL COLOR 

25 

A 

Orange-red 

58 

B 

Green 

47 

C5 

Blue-violet 

35 

D 

Purple 

22 

E 

Orange 

29 

F 

Red 

15 

G 

Yellow 

45 

H 

Blue 

11 

XI 

Pale green 


From 5900 to red end 
From 4800 to 6200 
From 3700 to 5100 

From 3200 to 4700 and from 6500 to red end 

From 5500 to red end 

From 6100 to red end 

From 5100 to red end 

From 4300 to 5400 

For orthochromatic reproduction vdth tung- 
sten light 


These filters can be used in combination m order to acmeve a narrower 
region of spectral transmission. The resulting colors and dominant wave lengths 

are given in Table 28. 


TABLE 28 


D and H 
C and H 
B and H 
G and H 
B and G 
B and E 
A 
F 

A and D 


DOMINANT 
WAVE LENGTH 

4450 
4600 
5100 
5250 
5400 
5750 
6000 
6250 
6700 


COLOR 


\' lolet 
Blue 

Bluish-green 


Yellowish-green 

Greenish-yellow 



Red 




stains are given. The 
liter chosen transmits 


tUters are cnosen lu give . . i- i. • the 

in the region absorbed by the stain. For example, basic foctoe absorte 

region from 5200 to 5500 ; the combination of a B and G 

5100 to 6200. The spectral region used is approxunately 5100 to 6000. Th 

dominant wave length is 5400. 
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CHAPTER 40 


MEASUREMENT OF 
REFRACTIVE INDEX 

1. GENERAL 

Because of the great accuracy with which it can h)e made, measurement of 
refractive index can be used as a means of identifying a substance. It serves also 
as a means of quantitative analy.sis of solutions and as a test for the purity of a 
substance, and provides an excellent method of detecting differences in the c(un- 
positions of small samples of related compounds. In the work of criminalistics 
refractive index is an important property for dealing with samples of clue mate- 
rials because the techniques involved in its measurement do not require the 
destruction of the sample and are effective in working with .small quantities. The 
sample on which the measurements are made can be presers ed for pre.sentation 
as evidence in court and for further tests if a check is required. The most common 
use of refractive index measurements is in the comparison of small glass particles 
found in connection with a hit-and-run case. In crimes of a.ssault and burglary, 

fragments of glass found on the suspects’ clothes are compared with pieces found 
at the scene. 

The refractive index n of an isotropic medium is defined as the ratio of the 

velocity of light in air to its velocity in the medium v^; i.e., n = vjv^. For solids 

and liquids the refractive index given in the tables of data is ordinarily referred 

to air at 20 C or to the conditions of temperature and pressure under which the 

measurement was made. Usually it is not necessary to correct results to standard 

pressure and temperature conditions, since the correction is of the order of 
magnitude of 1 X 10“\ 

Effect of Temperature 

There is a small variation of refractive index with temperature which be- 
comes of considerable importance when fourth or fifth place accuracy is essen- 
tial. The value of dn/dt for solids is much smaller than for liquids. It may be 
positive or negative for solids and is usually negative for liquids except in the 
vicinity of the boiling point. For many organic liquids dn/dt has a value of 

approximately -4.5 X 10-<. 
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To obtain accuracy in the third decimal place of n for liquids, a temperature 
control within 2 C is necessary. In the fourth decimal place, a control within 
0.2 C is necessary, and for fifth place accuracy, in addition to finer temperature 
control (within 0.1 C), the atmospheric pressure should be specified. A super- 
script is used to indicate the temperature at which the index is measured. Thus, 
is the refracti\ e index at 20 C. 

Effect of Wave Length' 

The change of refractive index with the wave length, dn d\, of the light used 
in the measurement is of great importance. A subscript is used to indicate this 
wave length; thus indicates that the measurement is referred to the sodium 
D line (5893A). Electric discharge tubes of various types are used as light sources 
^v-ith refractive index instruments. The one most commonly employed is the 
sodium lamp which gives a very intense sodium doublet. For dispersion measure- 
ments the mercury' lamp is used. This lamp gives four intense lines between the 
yellow and the %-iolet. IVhere special lamps are not available, a tungsten lamp 
can be used with an appropriate filter such as the Wratten 64, Wratten 73, or a 
combination of two Corning filters — Coming 428 and 348A. 


2. CRITICAL ANGLE METHODS ^ 

If rij: and Tip are the respective refractive indices of the medium in question 
and the prism, then from Snell’s law we have 



Hx sin i = rip sin r 



w here i is the angle of incidence and r the angle of re- 
fraction of any ray passing into the prism from the 
medium. In the limiting case where the incident ray 
just grazes the face of the prism (Fig. 263), the angle 
of refraction is the critical angle. No ray can emerge 
above the critical ray within the prism because such 
rays cannot enter the prism. Considering the rays 
w ithin the prism as traveling in the opposite direction, 
we can see that rays striking at an angle greater than 
the critical angle will be internally reflected. Since 
i = 90, equation (1) becomes 


«x = rip sin a. 



where a is the critical angle. 

Since n for air is unity, we have at the upper face 


Fig. 263. Illustrating the of the prism 

principle of the rcfrac- 

tometer. 



sin y 
sin /3 



By means of equation (3), « can be expressed in terms of y. The index of refrac- 
tion is then determined by measuringy. This is the prmctple of the refi-actometer 
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Referring again to Fig. 263. 

a = + 90 — 

where p is the angle of the prism ; and 


or 


sin a = sin (/3 + 90 — /?) 

sin a = sin i3 sin p + Vl — sin~ p cos p. 


But 


sin 0 = 


sin y 


hence, 


Up sin a = sin 7 sin p + Vnjy — sin- 7 cos p. 


From equation (2) 


tIj: — sin 7 sin /? + Vw- — sin- 7 cos p. 


Since p and rip are constants, is a function of 7 alone. 

A refractometer based on the critical angle principle is equipped with 

telescope which is focused on the upper face of the prism. On looking into th 
telescope, the observer sees the field 
divided into a bright area and a dark 
area. The position of the boundary 
line is determined by the critical ray, 
i.e., by the value of 7 . The refractive 
index is read either directlv or from a 
table interpreting scale readings. The 
most common types of refractometers 
are the Pulfrich, the Abbe, and the 
dipping refractometer. The latter two 
are described below. For an apprecia- 
tion of the sources of error in refrac- 
tometry the reader is referred to the 
work of Til ton. 3 


The Dipping Refractometer^' ® 

This is an excellent instrument 
(Fig. 264) for measuring the refrac- 
ti\e indices of liquids within a range 
of about 1.3 to 1.7. Figure 265 illus- 
trates the optical system, which is 
essentially that of a telescope. The 
prism is immersed in a small beaker 

of liquid. Rays from the mirror pass through the prism, the critical rav 
marking the border between the light and dark parts of the field of view 
A micrometer eyepiece and vernier are used to accuratelv determine the 
achromatized dark border. A table is proN ided by the manufacturers for convert- 



Fig. 264. The dipping refractometer. 
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ing the arbitrary scale readings into refractive index readings after a zero cor- 
rection has been made. The instrument suffers from several minor disadvantages 

difficulty of temperature control, limited range of n, exposure of the sample, 

and that it gives only semiquantitative dispersion measurements. The accuracy 
of the instrument, however, is ver>’ great, approaching ±0.00003. 



FIELD OF VIEW 


micrometer 

OCULAR 


OBJECTIVE 



VERNIER 


CRITICAL RAY 


AMICI PRISM 




UQUID 


MIRROR 


Fig. 265. Schematic diagram of the dip- 
ping refractometer. 



Fig. 266. The Abbe refractometer. 


The Abbe Refractometer '■ * . i. j- • 

This instrument (Fig. 266) has an optical 
. howpvcr* t^vo prisms ^Fi^» Zo//. PP 

prisms are locked together. The ^ directions. A reflectoi 

directs light into the prism. The prisms are attached^to a rotaung^ 

follows a curN-ed scale gi%mg direct re^mgs o telescope is set on th( 

prism arm is rotated until the dark border, as seen m the telescope, is 

cross hairs. 
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Abb6 refractometers have a range of 1.30 to 1.70 and 1.45 to 1.84 and an 
accuracy of ±0.0001. (The precision Abbe instrument is capable of an accuracy 
of ±0.00003.) Although less accurate than the dipping instrument, it has the 





Fig. 267, Schematic diagram of the Abhe refractometer 


advantage of requiring only a drop of the liquid instead of a small beaker. In 

addmon, the prisms are mounted in a jacket through which thermostated water 
can be circulated. 


Achromafization 

monochromatic light source with refractometem, 
they me designed so that white light may be used. Naturally, white 

H .*? "T" “Utraliae thU dispersion, Amici compensat- 

mg pnsim are used m both instruments. The compensating prism is dcsimed to 

^ diPPmg refractometer 

dispersion of light by the 

means of a graduated collar the amount of partial 
d'rprrSK.n can be estimated. This nrism is l„c„„l .u. ...... “ .P . 
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In practice the collar is rotated until the dark border is sharp and the area free 
of color. 

The Abbe instrument is equipped with two Amici prisms which can be 
rotated in opposite directions by moving a knob in one direction. Dispersion, 
without deviation, can be completely controlled. The instrument is adapted to 

the measurement of dispersion. 


3. REFRACTIVE INDEX OF SOLIDS 

Althoush the instruments described above are designed primarily for use 

with liquids, they can be used for transparent solids also, by adjusting the instru- 
ment so that the face of the refract- 


ni M OF 1 inniD 



Fig. 268. Position of the prism in deter 
mining the refractive index of a solid. 


ing prism is uppermost (Fig. 268). 
The sample should be homogene- 
ous and must possess two mutually 
perpendicular surfaces. It must be 
surfaced plane on one side by 
means of a felt polish. The necessity 
for this may be seen by consider- 
ing the possibility of reflections 
from manv directions when the 


surface is rough. The plane surface is placed in contact with the face of the 
prism To prevent internal reflections between the faces of the sample and 
the prism, good optical contact is obtained by applying to the prism 
surface a small drop of a liquid of higher index of refraction, such as alpha- 
bromonaphthalene («z> = 1 -66) . The sample is pressed careftilly on the pr^m 
so that a bubble-free, even contact is obtained. The formation of a liquid wedge 

should be avoided, since this affects fourth decimal accuracy. 

When the size of the sample is too small to permit polishing and shaping, the 
immersion method, which is described below, will be found more generally 
applicable. For powders the method of Le Blanc* is suitable. 


Refractive Index by the Immersion Method 

Theoretically, if a transparent or translucent solid is immersed in a liquid of 
the same refractive index, it will be invisible because of the optic^ homogeneity 
of the system. This simple indication of refractive index is the basis of several 
fairly sensitive microscopic methods. Two cases must be dutm^ished: (1) iso- 
tropic substances, which have the same optical properUes in aU directions, and 
hence have only one index of refraction ; (2) anisotropic substances, which may 
have different optical properties in different directions - for example, doubly 
refractive crystals which have uvo different indices of refraction. 


Isotropic Solids . • j 

The laboratory will be most frequently concerned with the refracuve mdex 

dass particles which have been found as evidence m a burglapt , assault, or 
’ ^ I treatment will have parbculai 
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reference to glass samples. With fairly large samples the use of the microscope 
is not necessary in initial determinations. A simple procedure in apjiro.ximating 
the refractive index of glass is to place the glass in a small beaker and add liquid 
of lower index than glass in sufficient quantity to cover the glass. Add to this, 
in small amounts, a liquid of a higher index of refraction. When the gla.ss be- 
comes invisible, remove a sample of the liquid and determine its index with a 
refractometer. Suitable liquids for this purpose are di-n-butyl carbonate 

(ng> = 1.411), tri-n-butyl citrate (nj® = 1.455), alpha-bromonaphthalene 
(nj) = 1.658), and methylene iodide = 1.742). 

The general immersion method employs a series of liquids"’ of known 
index of refraction. The solid is immersed in several of these in turn until the 
visibility indicates the liquid of nearest index. This piocedure may be followed 

instead of the one employing two liquids. Table 29 comprises an adequate series 
of liquids. 

In place of a series of different liquids, two nonvolatile liquids can be com- 
bined in different proportions to give a series of liquids of different indices. The 

liquids mentioned above can be used or any other suitable combination. (See 
Exercise 2.) 

Faick and Finn" have described a simple apparatus for measuring the 

refractive index of glass by the immersion method. The sample and immersion 

liquid are placed in a water-cooled tank. On one side of the tank a grid is placed 

and illuminated by sodium light. A telescope is focused on the grid from the 

opposite side of the tank. The index of the immersion liquid is varied until the 

grid image is seen without distortion. The accuracy of this method is about 
zt5 X 10 ^ . 

An apparatus similar to the above in principle but more accurate and more 
elaborate has been described by Faick and Fonoroff.'^ A double diaphragm is 
employed to obtain oblique illumination. A monochromator is used to give a 
narrow band of light and also for the purpose of obtaining dispersion values. 
The system is excellent for rapid determination of refractive index for large 
samples of glass. The average error with this apparatus is ±2 X lO"- thus the 
accuracy approaches that of the refractometer 


The Becke Line*^ 

fom!ed\™^T ^ observed through the microscope is 

boTda reflection.!^ At the border line of the object a dark 

ndaiy line is observed because of this behavior of light. Many objects are 

I immersed in a liquid. This band is 

rhen l" " ‘^e object; 

^ ^ away from the object. When the 

is in “ of a higher index, the observed motion of the Becke line 

^ m dre opposite direction. A rule may be formulated as follows' u'ken th 

tefrlXIta."'*"’’ of Wsher 
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A simple explanation of this phenomenon may be given in the case of crys- 
tals, which are usually thicker in the middle than at the sides. In this shape the 
crystal behaves as a conv’ex lens. When immersed in a medium of lower refrac- 
tive index, the crystal wUl cause light to converge because of the shortened 

optical path at the sides of the crystal. 

To observe the Becke line the condenser (low -power) should be lowered, the 

substage diaphragm stopped down, and an objective of low numerical aperture 

TABLE 29* 




Methyl alcohol 

Water 

Acetone 

Ethyl acetate 

n-Hexane 

n-Heptane 

n-Butyl alcohol 

n-Butyl chloride 

1, 4-Dioxane 

Methyl cyclohexane 

Ethylene glycol 

Ethyl citrate 

Ethylene chloride 

Trimethylene chloride 

Cyclohexanone 

Cyclohexanol 

Diethanolamine 

Triethanolamine 

p-Cymene 

s-Tetrachloroethanc 

Toluene 
Benzene 
Ethyl iodide 
Anisole 

Trimethylene bromide 
Chlorobenzene 

Methyl iodide 

Ethylene bromide 

o-Nitrotoluenc 

Nitrobenzene 

Tri-o-cresyl phosphate 

Bromo be nze ne 

o-Toluidinc 

Aniline 

Bromoform 

o-Iodotoluene 

Quinaldine 

lodobcnzenc 

Quinoline 

s-Tetrabromoc thane 
a-Bromonaphthalenc 

Methylene iodide 


1.3288 

1.3330 

1.3592 

1.3727 

1.3755 

1.3872 

1.3991 

1.4022 

1.4223 

1.4235 

1.4318 

1.4434 

1.4453 

1.4476 

1.4507 

1.4678 

1.4782 

1.4853 

1.4908 

1.4943 

1.4957 

1.5017 

1.5138 

1.5178 

1.5238 

1.5250 

1.5310 

1.5383 

1.5466 

1.5526 

1.5582 

1.5602 

1.5725 

1.5864 

1.5973 

1.6095 

1.6120 

1.6205 

1.6272 

1.6378 

1.6585 

1.74 


* Sold in 25-ml botdes by the Eastman Kodak Company. 



MEASUREMENT OF REFRACIIVE INDEX 


569 


{0.25 N.A.) is used, with a high-power ocular (lOX to 20X). This procedure is 
followed in order that approximately parallel light may enter the object. The 
sample may be prepared by crushing in an agate mortar and placing on a slide 
with a cover glass. The immersing medium can be introduced by applying a 
drop on a glass rod to the slide near the cover glass. The liquid will then flow 
under the cover glass by capillary attraction. 

Oblique Illumination'^ 

This is another immersion method in which unsymmetrical, oblique illu- 
mination is used with the microscope, either by swinging out the mirror or by 
displacing the condenser iris in its adjustable mount. On looking into the 
microscope the substance being tested will be shaded on one side. If the speci- 
men is of higher index than the surrounding medium, it will appear shaded on 
the same side as the microscope field. If the index is lower than that of the 
medium, the shading will be on the side opposite to that of the field. When the 
medium and the substance have the same index, no shading is visible. Again, a 
series of immersion liquids is used and the test applied until a balance is reached 
When white light is used a refinement of the method may be applied, if the index 
of the liquid is very close to that of the specimen, by observing the distribution 
of color about the crystal. When the bright side is blue and the dark side reddish- 
brown, the specimen and the liquid have the same index for yellow light. This is 
due to the fact that the liquid usually has greater dispersive power than the 
solid and has a higher index for blue than for red. In applying the oblique illu- 
mination test a low-power substage condenser should be used. The condenser is 

carefully focused. A low-power objective is employed. This method is not well 
suited to strongly birefringent crystals. 

The quantity of liquids used in these procedures may be quite small — suf- 
ficient to fill the cavity on a microscope object glass. To measure the refractive 

index of the liquid special techniques can be used. Wright'^ describes the methods 
which have been devised for this purpose. 

Anisotropic Solids 

These substances have more than one refractive index. It is necessary then 
to use a polarizing microscope and to apply the above methods for each of the 

or three orientations of the crystal which gives a different index of refraction 

microTro standard text on crystallography or chemical 

microscopy for an adequate treatment of this subject. 


4. refractive index of liquids by use 

OF THE MICROSCOPE 

7 immersion methods described above 

by employing solids of 

efractive index. Isotropic crystals should be used for convenience. Lists 
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of such crystals are available in handbooks. The method is not very accuram, 
however. 

£X£RaS£S 

1. By means of a refractometer detenmne the index of refraction of a sample of 
whiskey. Determine from this the percents^e of alcohol by volume. Compare this value 
with the proof printed on the bottle (which is not necessarily accurate). Place 25 ml of 
the whiskey in a distilling flask and collect the distillate at 80 G (see Chap. 27). Deter- 
mine the volume of this ethyl alcohol and then add sufficient distilled water to make the 
volume exactly 25 ml. Determine the index of refraction of this mixture and compare 
the percentage alcohol with the other determinations. Calculate the p^t^ntage of 
alcohol by volume. 

2. The following equation for the approximate refractive index of a mixture of two 
liquids is given: 

fiiVi + njFi 

” - F. + F, 

where Fi an d F 2 are volumes of the liquids, and ni and tit m'e their respective indices. 
Using benzene and bromoform calculate the volume of bromoform which when mixed 
with 20 ml of benzene will yield a mixture of n = 1.600. Compare the theoretical value 

with that determined by means of the refractometer. 

3. Collect four samples of glass from different sources. Determine the refractive 

index of each using both the Becke line and oblique illumination methods. 
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CHAPTER 41 


SPECTROCHEMICAL 

ANALYSIS 


Up to this point little consideration has been given to the limitations fre- 
quently imposed upon the analyst in the police laboratory owing to the amount 
of sample that is obtainable zis evidence. For the most part, the various pro- 
cedures described so far have assumed the samples to be adequate in quantity. 
In many cases, however, the circumstances are such that the evidence is quite 
meager as to the amount avaUable for analysis. A few specks of mud, a metal 
fragment, a few chips of paint, a smear of rouge or lipstick, are some of the clue 
materials commonly presented to the laboratory for analysis. Ordinary chemical 
methods are inadequate in these cases and other means must then be used. 

In the field of chemistry^ the spectrograph makes it possible not only to sun- 
plify greatly the problem of determining the elements present in an unknown 
substance, but to cope, also, with the task of analyzing quantities of matter 
which are so minute as to be beyond the range of microchemistry. It is precisely 
this abilitv to examine minute traces which makes the spectrograph so valuable 
to the forensic analyst. His two major problems are solved; (a) the analysis of 
evidentiarv traces which are too small in quantity to be analyzed by the conven- 
tional chemical methods ; (b) the characterization of a substance by means of 
its inevitable impurities, thus permitting him, say in a comparison of known and 
unknown samples, to establish with great certainty the common (or dissimilar) 


origin of two specimens. 

Despite the complexity of the problems which the spectrograph can solve, 
it is inherentlv a simple instrument both in its mechanism and operation. Essen- 
tiallv it is an optical apparatus which produces images of a narrow slit of lig ^ 
In its simplest form a substance is burned in front of this slit. It is found that 
each element in the form of a luminous gas emits light waves which are charac- 
teristic of that particular element. Just as a given tuning fork or piano string c 
send out onlv definite, predictable frequencies, so the element is restricted to 
giving forth light of certain wave lengths and frequencies. The ‘^haracmristi 
light entering the spectroscope through the slit is broken up by a prism into i 
manv component colors (which correspond to frequences). The ernergent 1 g 

is focused for the eye by a telescope. The resulting view ^ 

different colors (Fig. 269). These lines are the images of the slit. If a photogr p 
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Fig, 269. Spectrum chart. (By permission from Inorf^anic Chemistry, by H 
copyrighted 1912 by McGraw-Hill Book Company, Inc.) 
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plate is substituted for the eye, the negative will show a series of 
black lines of varying intensity. 

If a substance composed of many elements is burned, it is found 
that the presence of each element can be detected in the spectrum. 
Thus the constitutent elements of the substance can be unfailingly de- 
termined. It is for this reason that a spectrum has been called the 
“fingerprint of a substance” (see Fig. 269). A flake of paint on the end 
of a jimmy, metal filings on a hacksaw blade, abrasive material in a 
crankcase, plaster or dirt on a shoe, a fragment of glass, and the many 
other clue materials with which the police scientist deals can often 
be unmistakably “fingerprinted” in this manner. Additional exam- 
ples of the use of the spectrograph in criminalistics are described by 
Hoover,* Newman, ^ Walker,® Rankin,^ Gerlach,® and Sannie.'^ 

When a suspect is apprehended then, a spectrographic examina- 
tion of the clue materials discovered in his possession and similar 
materials obtained from the scene can contribute greatly to the solu- 
tion of a crime. Thus spectroscopy, by extending the field of chemical 
analysis from macro- to semimicro-quantities, is an invaluable aid to 
criminal investigators, since the clue materials connected with a crime 
are most often available only in limited amounts. Through the use of 
this powerful tool small traces, which might otherwise be useless, are 
converted into damaging, objective evidence which cannot be gain- 
said easily. 


1. THE THEORY OF EMISSION SPECTRA 

In order to understand the basis of spectrochemical analysis, a 
knowledge of modern concepts of the origin of various types of spectra 
(and spectral lines) is required. 

All spectra may be divided into two types: emission spectra, which 

arise from an e.xcited source of energy; and absorption spectra, which 

have their origin in the absorption of energy by the substance in 
question. 

Emission spectra may be classified further according to their origin, 

e.g., incandescent solids, excited molecules, and excited atoms (or 

ions). The continuous spectra and band spectra, respectively, of the 

first two sources will be neglected in this chapter and only emission 

spectra of excited atoms (or ions), which are characterized by sharply 

defined lines and which are of greatest use in analytical work, will be 
considered (Fig. 270). 

While a rigorous treatment of spectral theory requires an ex- 
tended mathematical treatment, it is, nevertheless, possible to present 

a very simplified version of modern atomic structure (if not taken too 

literally) which will suflice to explain the origin of the spectra with 
which the criminalistician is mainly concerned. 

Matter is believed to be built up by combinations of over 
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ninrty-two basic tuhstancrs. which arr referred to a« elements Mtxlem phvwim 
have found that there are more fundamental building lilocks nf matter than thr 
atoms of the elements. The atoms of the \ arious elements differ in thr cu(nb«na> 
tions and spatial arranitemenu of the ultimate particles of attmu rlertnaw 
which carry a negative electrical change, protons which are positivelv charipxl. 
and neutrons w hich carry no change. Neutrons and protons are of equal maa 
and are alx>ut 2000 times heavier than electrons. 

For a clearer concept of the atom, a routth analot^ may be drawn hetwren 
the sun, tot^ether w ith the planets which resolve around it, arKl the nucletss uf 
the atom with the planetary electrons which resolve around it. The nucleus 
always contains a positive change w hich is just balanced by the collective ne^a* 
tis'e charge of all the planetary* electrons, so that the atom as a whole is un- 
charged. .Atoms of the s'arious elements differ from each other by the number of 
planetary’ electrons which they contain. 

There is a “normal” state for an atom in which certain “ground” conditiora 
obtain, but when energy' is imparted to the atom these conditions are disturljed. 
For example, if a substance Ls heated in a Bunsen flame, the energy which is 
absorbed causes some of the planetary’ electrons of the atoms to “jump” to 
orbits which are farther from the nucleus. The orbits which the planetary 
electrons may occupy arc restricted. 

A definite relationship exists between the energy’ which an atom abaorbs aitd 
the energy it radiates when it returns to a less excited state or to the “normal” 
state. From modern theory’ of the atom it is known that the relation between two 
energy states can l>c expressed by * hv. and £4 represent the energy 

values of state a and state b resjjectively ; A is a constant, known as Planik't 
constant-, and v is the frequency of electromagnetic energy absorbed or radiated. 
This frequency v is related to the wave length of the absorbed or emitted light 


energy in such a w ay that the product of the two is always a constant c, which is 
the velocity of light. 

Since the number and spatial arrangement of the planetary electrons of 
atoms vary from element to element, each element absorbs and emits energy in 
accordance with its unique electron pattern. Therefore, the spectrum, which b 
simply the ordered arrangement of emission effects according to the frequencies 
of light energy radiated by an atom returning from an “excited” to a less 
“excited” or to its “normal” state, should be characteristic for each element. It 
is upon this concept that spectrochemical analysis b based. The emission spectra 
of practically all the elements are well known. In practice, however, the emission 
spectra of about 70 elements only may be obtained using standard arc and 
spark sources. The emission spectra of these elements have been the subject of 
intensive studies by many investigators and may be employed as a means of 
identification in a qualitative analysis. 


2. THERMAL AND DISCHARGE-TUBE METHODS 
OF EXCITATION 

The source of light which is analyzed in the spectrograph consists of atoms 
of w hich the planetary- electrons are falling back from higher, excited energy 
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levels to lower energy' levels. The method used to impart the necessary energy’ 
may vary from a mere flame source to more vigorous excitation methods which 
employ electricity in the form of a discharge tube, arc, or spark. 

Thermal Methods 

This method consists of heating the substance in the flame of a Bunsen, 
acetylene, or other type burner. As only relath'ely low temperatures are obtain- 
able by this means, it is considered to be a mild method of excitation and is 
used mainly in analysis of alkali and alkaline earth metals. The detection of 
sodium and its differentiation from potassium by cobalt-blue glass is a simple 
and well-knowTi example of this type of spectral analysis. 

For serious work by this method the vaporizing technique of Lundegardh,' 
by which it is possible to detect some thirty-two elements, should be used. An 
article by Cholak and Hubbard will also be found helpful.* The forensic worker 
however, is seldom if ever concerned with thermal techniques. * 

Discharge Tubes 

Discharge tubes may be used for the analysis of gases, particularly the rare 
gases. The method of excitation consists of impressing a high potential across 
electrodes in a closed tube containing, at reduced pressure, the gas to be studied.^ 
Under these conditions an electric spark jumps across the electrodes and the 
energ>' of the discharge is absorbed by some of the atoms of the gas. These 
excited atoms radiate energ>' upon returning to their “normal” state. Discharge 
spark spectra are highly characteristic and may be used to identify gases. They 
are of little moment, however, in forensic work. 

3. THE DIRECT-CURRENT ARC 

The direct-current arc is probably the most widely used and generally 

applicable method of excitation for nonroutine work in qualitative analysis.'® 

It is considered to be the most satisfactory' because it requires little equipment, 

is simple to operate, and can be conveniently used for metals, alloys, solutions’ 

and nonconducting solids, i.e., for almost any sample, permitting the entire 

sample to be completely consumed. The arc produces spectra of many lines 

being, therefore, a highly sensitive method of excitation. The advantage of the 

arc over the spark method (v.i.) is in its high sensitivity. Arc spectra are more 

representative of the sample; whereas spark spectra, owing to the selectivity 
of the spark discharge, are not as typical. 

An arc is formed by bringing two charged electrodes together, then separat - 
mg them slightly. When the electrodes touch, they complete an electrical circuit, 
resistance is offered, heat is generated, the substance being e.xamined is volatil- 
ized, and energ>' is absorbed, later to be emitted as characteristic radiations 
which are analyzed by the spectrograph. 

Carbon or graphite electrodes are generally used in the form of rods. Graph- 
ite IS usually chosen as the electrode material because it may be obtained in 
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relatively pure form and may be readily formed to the desired shape. Its simple 
spectrum offers no interference in the regions in which the analyst is generally 
interested (except for cyanogen bands) ; it is a good conductor, has a high heat 
of sublimation, and does not form an oxide crust. Very high grade graphite, 
designated as special spectrographic graphite^ should be used in forensic spectroscopy 
where trace elements are of the greatest importance. Excellent directions'^ are 
available for those interested in purifying commercial graphite rods. 

Two electrode sizes are generally used, 4.8 mm (0.19 in.) for solid samples^ 
and 6.3 mm (0.25 in.) for solutions. The upper graphite electrode, which is 
usually the cathode, is shaped to a point, and the lower electrode, usually the 
anode, is drilled out to form a cup or well from 5 mm to 12 mm deep. ^2 
cup is made deeper when volatile constituents, such as mercury, are anticipated. 

The substance (5-20 mg of solid or 0.05-0.20 ml of solution) which is to be 
analyzed is placed in the cup of the lower electrode. The arc is struck by drawing 
a graphite rod across the two electrodes which are moved to within 1-2 mm of 
each other for this purpose. The electrodes are then separated by approximately 
i to 1 cm and the central portion of the arc, which is free from the continuous 
spectrum of the incandescent electrodes is used to illuminate the slit of the 
spectrograph. In order to do this, the electrode holders usually are readily 
adjustable so that the arc may be aligned horizontally and vertically. If the arc 
wanders, these adjustments are of great value in keeping the light source focused 

on the slit. 

The usua potentials range from 110 to 250 volts; 4 to 15 amperes of direct 
current are used. The ordinary* procedure is to begin with a low current and, 
as the volatile const tuents pass off, the current is increased. Complete, uniform, 
and continuous vaporization of the sample is required for a reliable analysis. 
Higher potentials have a tendency to steady the arc and prevent its wandering. 
This tendency to flicker and wander is the most serious disadvantage of the 
method, but techniques such as rotating the lower electrode and using high 

potentials help to minimize this difficulty. 


4. METHODS FOR INCREASING SENSITIVITY OF THE ARC 


Cathode Layer Method 

It has been found that the region nearest the cathode possesses a greater 
concentration of ions which have received more energ>' than average for the 
rest of the arc, and hence may be used whenever high sensitivity is required. In 
the cathode layer or “Glimmschicht” method, which is a modification of the 
usual arcing method, the lower electrode (which is generally the anode) raa^ 
the cathode or negative pole. The region 1 to 2 mm above this pole ^ focus^ 
on the slit, care being taken to avoid having the incandescent pole illummate 


the slit also. ^ i 

The arcintt is usuallv done at a difference of potential of 220 volts (d-c), a 

starting current of 3 to 4 amperes, which is slowly raised to 8 or 10 

used. Electrodes of 3 mm diameter are employed in this method, to reduce arc 
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wandering. An important consideration which is suited to the needs of the 
forensic spectroscopist is that quite a small sarnph*, 2 to 3 mg, is sulfieieni for 
analysis by this method. A disadvantage, however, arises from the nreessity 
and difficulty of focusing a small portion of the arc on the slit. 

Moving Plate Method 

Another modification of the direct current arc that must be mentioned, 
because it offers a means of increasing the sensitivity of det(*etion of trace ele- 
ments, is the moving plate method. As the name implies, this modification consists 
of moving the photographic plate vertically to a new ptxsition while the are is 
in operation. This movement may be done at definite intervals, i.e., every 20 sec- 
onds, moving the plate 1 to 2 mm each time, or in a slow, continuous rnann<T 
during the entire arcing period. Very great sensitivity is claimed for the method ; 
the successively exposed areas record the elements fractionating at that time 
during the arcing. Trace elements, which might otherwise be lost because of 
background, are found in samples by this modified technique when the usual 
arcing method fails to disclose their presence. In routine industrial spcctro- 
graphic work this method is not generally employed because it is time-consum- 
ing, and the conventional arc method is usually satisfactory. However, in 
criminalistics, where maximum conditions of sensitivity are required for the 
detection of all the trace elements possible, this modification may be found 
useful . 

The High-Voltage Alternating-Current Arc 

This is a modified arc method which enables the analyst to obtain more 
reproducible results because of its steadiness. In addition, this method has many 
of the characteristics and advantages of the low-voliagc direct-current arc as 
well as certain advantages of its own, such as smaller sample requirements, 
reduction in background, and low heating effect on the electrodes. Some 
workers*^ claim that in certain cases this method is superior in sensitivity and 
precision to the direct-current arc. The distance of separation (0.5 to 1.50 mm) 
of the two electrodes, the potential (2200 volts) and amperage (2 to 8 amperes) 
must be carefully controlled for satisfactory results. Ruchle and Jaycox*’* have 
designed a high-voltage a-c arc circuit which may be tied in with an ordinary 
direa-current arc and condensed spark circuits. In general, its precision, sen- 
sitivity, and fields of application are intermediate between those of the direct- 
current arc and the condensed spark (v.i.). 

5. SPARK DISCHARGE METHODS 

An electric spark operated from a secondary transformer giving from 10,000 

to 50,000 volts provides a source of high excitation, which is readily controlled. 

Ordinarily a condenser is connected in parallel with the discharge circuit in 
order to increase the current. 

Thus, there are two types of electric spark discharges — condensed and 
uncondensed which may be used to excite substances for spectral analvsis. 
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The lines of spark spectra are thought to arise mainly from excited ions. The 
spark method is less sensitive than the arc method, but certain nonmetals such 
as boron, carbon, phosphorus, silicon, and tellurium may be excited by the 
spark and emit characteristic lines because of the greater energy imparted by 
the exciting source. 

Although more energy is imparted to the atoms than by arc methods, i.e., 
the effective temperature of the source is higher than in the arc, the electrode 
temperatures are not as great. Thus, easily volatilized substances such as solu- 
tions and low melting point alloys are better analyzed by this means. 

When the examination is to be confined to a smal! region of a metallic 
specimen (such as in the analysis of paint specks on a jimmy), or if the specimen 
is to be analyzed with a minimum of damage, spark techniques are more suitable 
than arc methods. On metallic specimens, various layers of thin coatings or 
platings are best identified by low-power spark discharges. These factors to- 
gether with the small quantity of sample which it is possible to analyze by the 
spark technique, constitute the principal advantages over the arc method of 
excitation. The stability and reproducibil'ty of spark methods are also of great 
importance, particularly in quantitative work. 

Alternating current with the potential varying from 10,000 to 50,000 volts 
is used, so that precautions must be taken to have good insulation and protection 


of the electrodes for the safety of the operator. 

Nonmetallic samples (such as a rock that is to be analyzed quantitatively) 
are usually reduced to powder form and mixed ^vith deashed natural grapliite 
{\ pan specimen, 2 parts graphite). This may be pressed into a pellet by means 
of a briquetting press, or merely packed into the hollow of a carbon or aluminum 
electrode; a graphite rod is used as the counter-electrode. The spark gap 
usually is from 3 to 6 mm in length. 


Condensed Spark 

This is probably the most widely used spark method. The eflfect of the 
condenser is to increase greatly the current discharged across the spark gap. 
Hence, more parasitic lines owing to oxygen and nitrogen are found m these 
spectrograms. It is possible to examine both solids and solutions by this meth^. 

^Vhile formerly it was conventional to use an uncontrolled or free-running 
spark, it has become increasingly popular, particularly for routine quantitauVe 
work, to use a more refined excitation unit in which the spark is controUed. 
Fi-ure ->71 is a typical circuit of a controlled spark unit. The inductance, 
represses the objectionable background spectra of the air menuoned above; 
the rotating synchronous auxiliary spark gap, A, steadies and stabilizes the s^rk 

so that uniform, reproducible lines are obtained for ^ 

auxiliai^^ gap also sers es as a timing switch ; the sample to be analyz^ is plac 
Tc. ,hc spark gap; a c.paci.ance, C. a resisurnce, R. and a high-volrage nans- 

former, T, complete the secondari’ circuit localized 
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tests such as are necessary in the case of small specks of paint on a jimmy, or 
other burglar’s tool. This method is particularly useful in the analysis of thin 
coatings that have been plated successively on to the surface of a piece of metal. 
In this case a technique similar to the moving plate method is employed. The 



Fig. 271. Circuit of a condensed sparic. 


spark is aUowed to impinge on a selected spot untU it has penetrated all of the 
plating. During the discharge of the spark the photographic plate is moved at 
regular intervals, giving as a result, a series of spectrograms representing the 
composidon at different depths of penetration of the plating.-" 


Uncondensed Spark 

This method of producing a spark results in spectral lines that are less intense 
than those obtained with a condensed spark. On the other hand, it has been 
claimed that greater sensitivity in the analysis of solutions is possible by this 
means.« If large amounts of organic material are present in the solution e.g. 
as in ^dates, strong objectionable background spectra result. Solids such as 
teeth bones, and gallstones may be analyzed in this light source. The uncon- 
densed spark IS seldom used by spectrographers at present. 


High-Frequency Spark ^ 

T^e spectra which result from this method of excitation resemble more 
sely arc spectra than they do spark spectra. Because of the high frequency 
even nonconducting substances are penetrated, the current being carried 
^ugh to die metal plate or electrode which is placed underneLh. This 

lar applicable to analyzing untreated biological tissues. Of particu- 

^ ^P-^ ^ of dssue L has 


6. CHOICE OF INSTRUMENT AND OTHER EQUIPMENT 

mean, U,ed 
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trograph, in which the rays are refiracted, and the grating type, in which 
dispersion is achieved by diffraction. 

The long focal len^ (180 cm) quartz prism (Littrow type) spectrograph 
(Fig. 272) has been chosen to proride examples of the applications of spectrog- 



(a) 


r 



visible; (b) the illuminating unit is visible. (Courtesy, uauscn an 
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raphy partly because of the wide ranine of its use.', iii the field of for<*nsi( spe( tr{j- 
chemical analysis, and partly because oi the aiithor>i‘ familiarity with the 
instrument. A quartz prism is requircxl Ik‘( <u.ise it jjermits transrni^>i<jn of eiiei t^y 
in the ultraviolet, thus making possible analyses in that reiti<jn \v[)er<‘ the most 
sensitive lines of the majority ol elements appe.ii . Stjine spectrotti a(:)hs ol this 
type are arranged so as to permit a prism or dillrat ti<jM grating to lje* used 
interchangeably, depending upon the nature of the material being analyzed 
and the preference of the spectrographer. 

The less expensive, 60 cm focal length, medium-sized sjjectrograph (Fig. 
273) is also satisfactor>o When only a minute quantity (jf e\ idence is av ailable 



Fig. 273. Hilgcr medium-size spectrograph (60 cm). (Courtesy, Jarrell-Ash Co,) 


it may possess certain advantages because of its superior light-gathering power. 
The greater range of wave length cov'crcd in a single spectrogram may also be 
advantageous in certain cases. Analysis of soil materials for the rare earths and 
ofmetals for nickel, chromium, and other elements of complex spectra, however, 
requires that an instrument of high dispersion and resolution such as the 180 cm 
Littrow type be available. Ideally, the completely equipped forensic spectro- 
graphic laboratory' should possess both types. The initial cost of either or both 
instruments is almost negligible, if we consider the number of useful years of 
service without additional cost for repairs or replacement, not to mention the 
number of man-hours saved by the frequently conclusive results achieved when 
samples of evidence have been examined with either of these instruments. 

In addition to at least one of the instruments above, the following equipment 
represents the minimum required in a forensic spectrographic laboratory: 

Excitation sources, including a direct-current arc and a conventional 

spark source. 
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A comparator or projector for visual examination of spectrograms. 

Mechanical and chemical facilities for the preparation of the samples. 

Wave length tables and charts, as well as other reference books (see 
sec. 17 below). 

Photographic facilities. 

THE PRINCIPAL PARTS OF THE SPECTROGRAPH 

The diaphragm, slit, dispersion element, the collimating lens, camera lens, 
and the photographic plateholder, constitute the principal parts of a spectro- 
graph. 

7. LENSES 

The first lens {Lx in Fig. 274) encountered by the light rays from the source 
is not, strictly speaking, a part of the spectrograph. Its function is to illuminate 



Fig. 274- Schematic diagram of the Littrow-type spectrograph. 


the slit so that the collimating lens (£2 in Fig. 274) of the spectrograph is filled 
by a cone of light. This latter lens serves to render parallel the Ught rays which 
emerge from the slit with the result that only parallel light enters the prism. The 
collimating lens should fill the prism with light in order to have more energy 
fall on the plate; it is also a condition required for obtaining the optimum 
resolving power of the instrument (sec. 9). In the Littrow-type spectrograph 
the long focal length collimating lens is also used to focus the rays from the prism 
on the photographic plate (PP in Fig. 274). By tilting the photographic plat^ 
the difficulties caused by chromatic aberration are eliminated. An attempt is 
also made to design the collimating lens so that the photographic plate will not 
have to be bent too greatly. Spherical aberration and coma are corrected for in 
this lens. A diaphragm (ZJ, in Fig. 274) may be used to reduce coma by elimina- 
tion of the most oblique rays striking the lens. 
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8. SLIT AND DIAPHRAGM 

The slit (5 in Fig. 274) serves as the entrance to the spectrograph for the light 

from the source. The lines recorded on the photographic plate 
of the slit (at the various wave lengths after the light has passed through he 
prism) so that any imperfections or defects are mirrored m the lines of the 
spectrogram. The jaws of the slit therefore must be mechanically perfect and the 
edges must be sharp, straight, and parallel, bearing no nicks, and must be free 
of dust particles. The width of the slit should also be adjustable, for in critic 
work where maximum resolution is required, the slit width which should je 
used is about equal to 4/X/T» where / is the focal length, D is the effective 
diameter of the collimating lens, and X is the wave length of light under 
examination. For example, the slit width which is most suitable for resolving t e 
iron triplet at 3100A (assuming a large 180-cm Littrow, with a lens diameter of 

about 10 cm) is 

4 J\ ^ 4 X 180 X 3100 ^ 2232 X 10-A = 0.022 mm 
D 10 


A suitable slit, then, requires careful design and high-caliber workmanship 
since the quality of the spectral lines and, to some extent, the performance of 

the spectrograph, are related to the characteristics of the slit. 

A diaphragm (Di in Fig. 274) is usually placed in front of the slit to regulate 
the slit length and hence the image height. This diaphragm, which is generally 
shaped like a wedge or fishtail, enables the operator to vary the slit height from 
zero to maximum height, which is the length of the slit itself. Another diaphragm 
arrangement in which a series of openings is placed in echelon formation 
was devised by Hartmann. With the Hartmann arrangement it is possible to 
make a series of spectrograms on the same plate merely by moving the dia- 
phragm and without moving the photographic plate; any lateral shift of the 
plate (such as might happen while adjusting it for a new exposure) is eliminated 
by using this diaphragm. 


9. DISPERSION ELEMENTS 
Prisms 

The various parts of the spectrograph studied so far serve to present the light 
to be analyzed in a fashion suitable for its utilization by the prism in Fig, 
274). On entering the prism the light is refracted by the quartz or glass medium. 
The degree of refraction is a function of the wave length of the light, so that 
the emergent beam is composed of many light rays which have been deviated 
by amounts differing from their original common direction according to their 
respective wave lengths. This phenomenon is called dispersion and is expressed 
mathematically as dB/d\^ or the ratio of the angular change or deviation {dff) 
of the incident light ray per unit change in wave length (^/X). Two of the factors 
which affect the dispersive power of the prism are the angle of the apex and the 
composition of the medium (i.e., glass, quartz, rock salt, etc.), since the deviation 
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or angular change of the beam varies with the index of refraction of the medium 
dQjdn. Another factor is the change of index of refraction with wave length 
dnldK, The relation between these factors and dispenion is simply: 

= dBjdn ■ dnfdK. 

The parallel light rays entering the prism in Fig. 275 are from the collimating 
lens and they are assumed for the purpose of the illustration to consist only of 



Fig. 275. Dispcraon by a prism. 


wo wave lengths, Xi and X,. Since 0^ does not equal fl,, the prism has 

he two rays. AU the dispersed rays of one wave length (Xi) emei^ me 

arism parallel to each other but not to any other wave length (X*). The foci^ 

iens, consequently, will bring each wave length into focus at a 

an the photographic plate and the entering Ught wiU have been dispersed 

according to its component wave lengths. , ,^ 1 . oi «n a a 

The dispersion of a quartz prism is not linear ; i.e., at wave en^ 

one oaUimeer «pa™doa of two spoc«l li^ o. tho 

laree Littrow) is equivalent to a wave length difference of 1.54 but, at wave 

leljth 3556 A, a one-millimeter separation of two lines b ^uivalent ^ a^e 

length difference of 7.10 A. Dbpersion b a very impor^t factor “ 

quSry of a spectrograph - the greater i« power of dispersion, the better the 

'"™er factor which b very important in 

fine detaU in f S^they stifi 

:^;^‘asXTdttUt lines. is 

ratio of the average wave length of the two Imes to t e 

between them, or /? = X/dX. 
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I„ prismatic instrumenPt the resolution actually 

never equals the theoretical maximum since this assumes an infinitely narro 
slit, which is a practical impossibility. 

Diffraction Gratings-" , u r, r- 

A relatively extended treatment of diffraction gratings will be given here ( 
wo reasons: (a) the phenomenon of dispersion by a grating is generally less 
well understood than dispersion by a prism, and (b) a few additional paragrap is 
on the subject here will eliminate the necessity for further discussion m Chap- 
ter 42 on x-ray diffraction. 

From elementary physics it is learned that the apparent rectilinear propaga- 
tion of waves is approximately true only for a wave motion in which the wave 
lengths are very small in relation to the dimensions of ordinary openings or 
obstacles. The phenomenon of diffraction of light, i.e., its bending or spreading 
around the edges of obstacles, becomes discernible when small olistacles or 
openings are used. If monochromatic light of wave length .5 X K)-' cm falls 
normally on a distant screen in which there is a pinhole of 1 mm diameter, a 
second screen at a distance of 10 cm, 16.7 cm, or 50 cm, will show a bright .spot 
of maximum intensity at a point on the axis of the pinhole. .\l intermediate 
distances from the pinhole to the screen a dark spot is obtained instead of a 
bright spot. A similar phenomenon is observed when a small circular obstacle 

is placed in the path of the light. 

Bright and dark areas can be produced on a screen when monochromatic 
light is permitted to fall on an opaque plate which is marked by a number of 
narrow, parallel, equidistant openings. Such an arrangement is known as a 
transmission grating. In Fig. 276, monochromatic light from a source .S’ is rendered 
parallel by lens Li, and falls on a transmission grating DD. Passing through the 
apertures, the light waves are diffracted in all directions. Falling on lens Li the 
light converges at points such as P. To find the resulting amplitude at P the 
principles of interference must be applied. The amplitude at point P will depend 
on its position. Because of the use of lens Li the path difference between any ray 
in one slit and the corresponding ray in the succeeding slits is always the same. 
It is sufficient, then, to consider the rays coming from points A and C. If their 
path difference (CVf, EN, or GR) is exactly one wave length or any integral 
number of wave lengths, the rays from all such points, i.e.. A, C, E, G, etc., will 
be in phase, and a bright maximum will be visible at P (and also at a point 
at the same distance on the other side of F). 

Let d, be the angular separation of Pi, the first bright maximum. Since 
ZPOF and Z.CAM have mutually perpendicular arms, they are equal; hence 

CM 


sin 6 = 


AC 
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and, since 

CAf = X, 

\ = AC sin e. (1) 

If a second bright maximum occurs at a point Pt for which the angular 
separation is 0^, we should have 

2X = AC sin 02- 


For the n** bright maximum at P„ 


we should have 


nX = AC sin 6n- 


ACj the width of one aperture and one opaque region, is known as the grating 
element, and is usually designated as d. Thus, the more general form of the 


equation is 


fik — d sin d 




The number n designates the order of the spectrum. When n - 1, 
trum is said to be of the first order ; etc. The number of orders observable de- 
pends upon the width of AB and AC. Laboratory transmission gratmgs usually 

are ruled so that about 10,000 to 30,000 grating elements per mch are 
With such gratings only two or three orders are visible. The intensity of hg 
does not decrease gradually between one bright maximum and ^t, ra&er 
falls off sharply so that extremely bright lines are visible, separat y wi 
regions. Another important fact is that the grating spectrum is approximately 


linear. 


instead of monochromatic radiation, white l»ght 'vere to fall ^ ' 

tere should be present, according to equation (2), a 

,ave length. By measuring B for these maxima it is possible to determme X 

a ^atme can be used in spectroscopic instruments. 
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Dispersion 

We have seen that dispersion is defined as dBlSk. Hence from 


sin 9 — 


nK 


we have 


M _ n 
d\ d cbs 9 



The dispersion of diffraction gratings, then, increases with the order of the 
spectrum: also, as the grating element, d, becomes smaller the dispersion be- 
comes greater. Dispersion is also a function of the wave length, and does not 
depend upon the index of refraction as in the case of a prism, so that the disper- 

sion of a grating is linear. 


Resolving Power 

The value of X/rfX where d\ is the smallest difference in wave length which 
can be detected is taken as a measure of the resolving power. It can be shown that 

where N is the total number of grating elements. Hence resolving power increases 
with the order of the spectrum, n, and the total number of lines in the grating. 


Reflection Grating 

If, instead of passing through a transmission grating, the light is reflected 
from a polished plane surface which is ruled into many fine parallel lines, it is 
possible to observe diffraction orders similar to those described above. It can be 
shown by a similar argument that 

nX = (f(sin i ± sin 6) 

where i is the angle between the incident beam and the normal to the grating, 
and 0 is the angle of the reflected beam, the choice of sign depending upon 
whether or not the incident and reflected betims lie on the same side of the 
normal. It should be noted that it is not assumed (as before) that the light 
strikes the grating normally. An equation for reflection gratings will be devel- 
oped later, when x-ray diffraction is considered. 


Concave Grating 

The most important grating used in spectroscopy is a reflection grating 
ruled on a concave spherical mirror. The great advantage of the concave grating 
lies in its ability to focus very sharp images without the use of lenses. The ab- 
sence of lenses makes the concave grating especizJly effective in the extreme 
ultraviolet region, where prismatic instruments are not useful because of the 
absorption by quartz, fluorite, and air. 
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In Fig. Til, DD', the grating, is a segment of a sphere of which CF is the 

radius. The circle on which lie points P, F, and 5 is drawn with center at O and 

radius CO = CFf2. The geometry of this arrangement is such that when rays 

from source 5 are reflected from successive grating elements at A and from 

successive elements at any other point B, they will come to focus at P. Hence if 

a screen is laid along the circle, bright 

maxima will be observed, corres- 
ponding to the various diffraction 
orders. The rulings on the spherical 
segment are the projections of equi- 
distant, parallel lines on a plane 
through DD\ 



10. PHOTOGRAPHIC 
MATERIALS 


Only a brief mention of the 
photographic emulsions employed in 
spectrographic work will be made 
here. For additional information the 
catalogues of the various manu- 
facturers of photographic materials 

(Hilver, Ilford, Ansco, and Eastman Kodak=«) should be consulted. 

The following types of Eastman Kodak plates tvill be suitable for most of 

the work in a forensic laboratory: 


TYPE EMULSION 

Kodak Spectrum Analysis No. 
Kodak Spectrum Analysis No. 
Kodak 103-0 

Kodak 103-F 
Kodak III-F 

Kodak I-L 
Kodak IV-L 


1 

2 


SPECTRAL SENSITIVITY 

2400-4400 A 


2400-6800 A 


2400-8200 A 


The type of developer, temperature, developing ttoe and 
ureJulh a partieular emulsion are recommended by the manufacmrer. It r 

well to follow' these directions closely. 

11. adjustment of light source and instrument 

FOR FOCUS 

addition to the light “tp'rtn' (S)! In 

Littrow type '^27^^ The"^ source is adjustable horizor 

photographic plate (PP F g._^ ) ^i^^inated. The lens (Li) mte. 

;o!ld bere^hl light source and the slit is placed so that the collimating lei 
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is filled by a cone of light. Care nucst be taken not to have 
of the electrodes focused on the slit opening. 1 he diaphragm (Di ig. - 
used to regulate the height of the spectral lines appearing in the siiecticigiam. 
The slit (5 — Fig. 274) is opened to the proper width for maximum icso u ion, 
but also taking into consideration the cxpo.sure time that is perimssibli; belo.c 
the sample will have been consumed. Thus far, the adjustments were no 
concerned with bringing into focus that wave length region of the spectrum 

which it is desired to study. 

Wave length settings m.y be semifixed or variable in a stepwise or continu- 
ous fashion. In any case, the wave length setting is accomplished by varying 
three elements; (a) the focal distance between the slit and collimator lens 
{Pi to L 2 — Fig. 274), the latter (Lo) being mounted on the same movable 
platform as the prism (To) which is at a fi.xed distance from it; (b) the prism 
rotation or the angle which the face of the prism makes with parallel rays from 
collimator (L 2 ) ; (c) the tilt of the photographic plate (PP). In most Littrow- 
type spectrographs the focal distance and the prism rotation are adjusted by 
manipulation of a single control which automatically regulates these two factors 
with respect to each other. It may be neceessary that another control be mamim- 
lated to regulate the tilt of the photographic plate, although this is also included 

in the automatic adjustment in many Liltrows. 

Generally, a table of settings is furnished by the manufacturer for the par- 
ticular instrument involved, giving the relative positions of prism and [)holo- 
graphic plate necessary to cover the entire spectral range of the instrument. In 
addition a series of test spectrograms taken by the manufacturer on the particular 
instrument may usually be had j data such as slit width, exposure time, type of 
photographic emulsion, and position (settings ol prism and photographic plate) 
used are also included with the sample spectrograms. An iron arc is generally 
employed for these sample spectrograms because it has many lines over ihv 
entire spectral region covered by the instrument. The spectrum of iron has been 
closely investigated and the wave lengths of its spectral lines have l^ecn very 
carefully measured so that they may serve as secondary standards for the deter- 
mination of the wave length of spectral lines of other elements. This topic will 
be discussed in detail in the following section. 


12. MEASUREMENT OF WAVE LENGTHS 
OF SPECTRAL LINES 

Since it is the unique combination of lines at fixed wave lengths which is the 
basis for the identification of an element by its spectrum, accurate methods must 
be available for the determination of wave length. The primary standard of 
wave length is the red cadmium line. Secondary and tertiary standards have 
been established so that more convenient measurements of wave length may be 
made.^^ As mentioned above, the iron arc was selected because a pure sample is 
easily obtained and its spectrum has a large number of lines in the regions 
which are usually of interest to the analyst. Charts of the iron-arc lines with 
their wave length values are obtainable (see sec. 17). Thus, the wave length of a 
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line in the spectrogram of an unknown substance taken in juxtaposition to an 
iron arc may be determined by interpolation ( 2 issuming linear dispersion for 
small wave length differences) after measuring the distance between two known 
lines of the iron and the line of the unknown. For example, suppose that an 
unknown line is bet^veen iron lines 2813 and 2851. A measuring magnifier (a 
magnifying lens arranged to contain a built-in millimeter scale, each mm being 
divided into tenths) is used to determine the distance of separation between the 
lines involved. The following calculations are made: 

iron line 2851 A separation distance measured in 

iron line 2813 A millimeters 10.40 

38 A 

iron line 2813 A separation distance measured 

unknown line X A. in mil l im eters 5.47 


By proportion: 


38_ 

10.4 


X 

5.47 


or 


a: = 20 A 


Therefore 2813 -h 20 = 2833 A = approximate wave length of unknown line 


If greater accuracy is sought, it is necessary to use the Hartmann dispersion 
formula and a spectrum micrometer comparator when large separation distances 
are involved, since with prism instruments the dispersion is irrational, i.e., not 
linear.-* In certain instruments there is another method which is used to deter- 
mine the wave length of a spectral line approximately. This consists of reproduc- 
ing photographically, on the same plate with the spectrogram, a wave length 
scale which is calibrated for the instrument. The unknown wave length may be 
obtained from the scale, but the result is considerably less accurate than those 

described above. 


Raies Ultimes (Persistent Lines) 

The lines of an element selected for incorporation in spectral line tables are 
those which dbappear last as the concentration of the element m the ^mp e is 
decreased. These lines, then, may be regarded as the most ‘ persistent Imes o 
an element or, to use a name given speciaUy to them, rates ulttmes. T ey are 
also known as letzten linien, sensitive Itnes, distinctive lines, or principal lims. 

In qualitative analysis it is necessary to identify three or more oi the persist- 
ent lines of an element to demonstrate its presence in the sample. Contrariwi^ 
if the persistent lines of an element are not found in the spectrogram then the 
presumption is that the element is not present in the sample, 

13. METHODS OF QUALITATIVE ANALYSIS 

For the purpose of simplification, consider first the imaginary case in wWch 
an unknown substance, upon being examined spectrographtcally, is found to 
contain only one metal and no impurities. The identity of this metal ^ det^ 
mined in the following manner. After the wave length of one of the more intense 
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spectral lines in the spectrogram has been determined, a table see se_ ) 
iL the principal lines of elements by wave lengths is consulted. The possible 

elements present for the measured wave length (±1 A) are listed. After t ree or 
more lines have been examined the unique arrangement of the spectral lines 
of one of the elements should be apparent. In other words only one elernent wi 
appear consistenUy in the lists of possible elements as each spectral line is 

examined. . • l i 

When more complex substances are being examined, as is the usual case in 
spectrography, two or more possible elements may occur in each of the lists 
composed from the table of wave lengths for each line studied in the unknown 
spectrogram. When a situation such as this arises, it is necessary to consult 
another set of tables which lists by element the principal wave lengths of their 
respective spectral lines. Unique principal wave lengths of each of the possible 
elements are selected from these tables, so that at each of the wave lengths 
chosen only one of the elements w ill have a spectral line. The spectrogram of the 
unknown substance is again studied; if the selected spectral lines (of unique 
wave length) are found in the spectrogram the element may be considered 
present; those of which the selected, unique lines are not found at the indicated 
wave length positions are considered to be absent in the unknown specimen.^* 

Instead of measuring the wave lengths of lines, the usual procedure is to 
make a direct comparison between the spectrogram of the unknown (row D, 



Fig. 278. Comparison of an ^^unknown” spectrogram with a reference 
chart. 


Fig. 278) taken in juxtaposition of an iron arc (row C, Fig. 278) and a series of 
composite charts which show or indicate the position of the principal lines of 
the various elements with respect to the iron arc spectrum. Rows A and B of 
Fig. 278 represent a portion of such a chart in the region of 2630 A. All that one 
need do is to pair off the lines of the iron spectrogram on the composite chart 
(row Fig. 278), with the same iron lines (row C) on the spectrogram of the 
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unkno\vn. The elements present in the unknown (row D) may be rapidly deter- 
mined from the composite chart by matching the unknown lines (row D) with 

those shown or indicated on the composite chart (row A). 

Thus, in most cases, several lines of an element are found and its identity is 

established. However, if only the most persistent line of an element can be found, 
the possibUities of interference by other elements must be considered. Tables 
which indicate the element sought, the wave length of the Ime interfered with, 
and the concentration of other elements which may interfere with the identifica- 
tion of the trace element thought to be present on the basb of its persistent Ime 

are available.^®' ^ , i* 

The foregoing procedures for the identification of spectral Imes require 

considerable time if several elements are present in the sample. However, with 


o o 
o o 
o rt 
in m 



Al 


Be 


Cu 


Cd 


Mg 


Mn 


Pb 


Zn 


1 I 


Fig. 279. CharacterisUc line groupings of some elemenU 


experience the spectroscopist is able to discern characteristic ‘^“‘“binations^of 

IssilSHisss 

the region in which these combinations occur. possible to 

preplrTLmthemSs“h,° arc W-'O' /■»" > 

those whieh obtained when .he pmpare^ 

Lli^rrm^-Tth; do „ot agree .he cons.i.ueou of the latter are changed 
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ndl the spectrograms do a^ree, line for line. This will occur obviously when 
die same elements are present in both samples in approximately the same quan- 
dtLs ?hiJ procedure will seldom be necessary for an experienced spectroscopist. 

14. QUANTITATIVE ANALYSIS 

The spectrograph is now used extensively in industry for quantitative det«- 

is bv no means a sLple matter. In developing a quantitative method for analysis 
of a substance by spectrographic means, considerable stu y is necessary 
determine appropriate techniques of preparing the sample and the requiied 
conditions of excitation. It is only after thorough investigation that quantitame 
methods can be simplified sufficiently to permit their routine application. W hen 
the sample is known and plentiful in quantity the necessary-research is possible; 
however in the work of criminalistics, where unknown samples of a highly varied 
nature are submitted in very limited quantities, it is not always possible, n 
certain cases standardized quantitative procedures that are of interest to forensic 
investio-ators have been developed. For e.xample, the use of the spectrograph in 
the quantitative determination of lead and bismuth in biological specimens, 
may be found in nvo articles by Cholak.^^.^^ Hess, Owens, and RemhardT^ 
describe a method for quantitative determination of eleven trace elements m 
organic materials. However, the method is not necessarily limited to these 
elements, but may be extended to include many other metals. Furthermore, it is 
not limited to organic materials, since the sample that is analyzed is actually a 
solution of inorganic salts. Accurate analyses are possible in spite of considerable 
differences in the extraneous composition of the sample, because a spectroscopic 
buffer, sodium nitrate, is used to eliminate this effect. Only two internal control 
elements, bismuth and molybdenum, are required. A high-voltage, alternating- 
current arc (sec. 4) is used as the light source. Considerable work, of course, is 
required before the empirical curves to be used in actual analyses are obtained. 

In certain cases where there is sufficient sample another approach for 
obtaining quantitative results may be employed. The basis of this approach lies 
in the use of organic reagents that form highly colored compounds even with 

traces of metals. 

Colorimetric analysis almost rivals the spectrograph in sensitivity, and is 
peculiarly applicable to spectrographic cases where quantitative determinations 
would be helpful. The great difficult)^ in using colorimetric methods with 
nnknn\vn substances lies in the interference caused by other elements which also 
react with the organic reagent. In spectrographic cases, however, a complete 
qualitative analysis is available, so that the presence of any interfering elements 
is known to the analvst. 

In general, the methods in SandelP^ or Mellan^ may be employed when 
there is sufficient sample and when there are no interfering elements present. 1^ 
any are present, it may be possible to eliminate them by adjustment of pH, or 
by the techniques suggested in the literature in this connection. Letonoff and 
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Reinhold ^ have described a method which is useful for colorimetric deter- 
minations of lead in blood, tissues, excreta, and foods. 

It should be pointed out that the greatest value of quantitative determina- 
tions in forensic spectrographic work is in their ability to help resolve doubts 
in borderline cases. If the number of trace elements is not large or not too 
unusual, the spectrographer may wish to confirm any judgment of a unique 
orio-in of the unknown and known samples by quantitative determinations 
(see sec. 19). Quantitative agreement in the amounts of certain elements would 

obviouslv, increase the accuracy of his judgment. 

0 


15. ABSORPTION SPECTRA 

.Although the applications of absorption spectra — or, more properly, ab- 
SQj-ption spectrophotometry — to criminalistics are discussed in Chapter 43, it 
should be pointed out that the spectrograph may also be used for this purpose. 
In particular, mention should be made of the abUity of the spectrograph to 
enable absorption studies to be made in the ultraviolet. It is beyond the scope of 
this text to discuss the methods or techniques employed. An excellent treatment 

of this subject has been given by Ttsyman and Allsop.^* 

The use of the absorption spectrum of carboxyhemoglobin for the detection 

of carbon monoxide in blood is discussed by Hawk and Bergheim.^^ An absorp- 
tion method that may be used for quantitath-e determinations of the different 
hemoglobin compounds in blood serum is described in an article by Owens." 


16. GENERAL PROCEDURE 

The usual procedure required in forensic spectroscopy is to compare two 
samples with each other. Quite frequently one sample, generally the unknotvn, 
is rather limited in quantity, but the other sample, usually the known, is avad- 
able in larger quantities. Therefore, the preparation of the specimen and the 
selection of the other conditions (i.e., wave length setting of the instrument, type 
of film reriuired, exposure time, etc.) are determined by using the larger sample 
first. When the quantity of one of the samples is very small, it is necessary to 
emplov conditions of maximum sensitivity. In these cases, it is advisable to 
consider using the cathode layer or moving plate method of analysis. Mter th^e 
preliminarv determinations have been made, the conditions most suitable for the 
exainmation of the unknown sample are selected. Two spectrograms are made 
in juxtaposition; one of the known, another of the unknown. By Ais procedme 
all^of the smaller sample, if necessar>', may be used profitably in making th 

compansonjpecmo^ram.^on 2300-7000 A tvill be found to be most usefid 

for analysis of a specimen of unknown composition. W ith large 

it requires more than one setting of the instrument to cover this range. Ob^ lom y 

the setting selected for the e.xamination of a sample that is limited 

will be that in which the largest number of lines of the elements are found. In 

general the region from 2400 to 3400 A is most useful. In the handling of small 
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samples which are to be examined spectrographically, it will be found both 
convenient and suitable to use the apparatus and manipulative techniques 
developed for analytical work on the semiinicro and micro scale. 


Preparation of Sample 

When a specimen is to be analyzed by arc methods it is generally necessm y 
to prepare the sample before it is placed in the crater of the lower electrode ; 
otherwise, the conditions for arcing may not be satisfactory. The mam dilliculty 
that is encountered, if the specimen is not prepared properly, is loss of the sample 
before a representative spectrogram is obtained. For example, compoun s 
containing water of crystallization sometimes lose the water so rapidly at the 
temperature of the electrodes that the sample is lifted physically out of the 
cavity. Compounds that volatilize easily or decompose with the evolution of 
gases at the temperature of the electrodes may be expected to behave in similar 
fashion. Compounds that are difficult to volatilize may melt and the molten 
sample may be rocked out of the crater owing to the wandering of the arc. 
Metal samples unprepared for arcing may spit, sputter, and form oxides that 


interfere with the stability of the arc. 

These difficulties are by no means insurmountable. Preliminary heating of 
the sample is employed to decompose unstable compounds and to eliminate 
water of crystallization. Chemical treatment designed to convert the original 
sample into a form more suitable for arcing is also used. In general, however, 
these techniques are not used frequently in forensic spectrographic work because 
of the limited sample, the danger of losing trace elements of low volatility, and 
the possibility of contamination. 

Another technique that may be employed to minimize arcing difficulties con- 
sists of mixing the sample with a volatile substance which helps to carry it into 
the arc. Chemical reducing agents may be used on difficultly volatile compounds 
such as oxides. The easy volatility of ammonium salts makes them suitable for 
the former purpose, while powdered graphite is employed for the latter. Since 
the powdered graphite technique tends to prevent loss of specimen by sputtering 
or spraying, it is advisable in forensic spectrographic work to prepare the sample 
for arcing in the following manner: 

Powder the specimen to a fineness equivalent to about 200 mesh. In the case 
of substances such as nonconducting solids this may be done in an agate mortar. 
Using the powdered unknown, prepare an intimate mixture with graphite, 
consisting of a minimum of two parts powdered graphite by weight to one part 
of the unknown. Place from 5 to 20 mg of this preparation in the crater of the 
lower, positive electrode. The arc is now ready to be struck. An arc current 
starting at 4 amperes and increasing to 10 or 15 amperes, as the more volatile 
constituents pass off, is usually employed. 

Although rarely required in forensic work, solutions as well as powders may, 
be analyzed in the direct current arc. First, the crater of the lower electrode is 
impregnated with a drop of kerosene to prevent loss of sample by absorption. 
Powdered graphite is then added to the crater. Next, 0.5 to 2.0 ml of solution 
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are placed in the electrode caxdty and the solvent is removed by evaporation in 
a carefully heated oven. Precautions must be rigidly observed to prevent con- 
tamination of the sample during the drying process. If sufficient sample is 
available, it is better to evaporate a portion of the solution; the residue may then 

be examined in the manner described above. 

Ashing Procedure for Organic Materials 

Occasionallv. organic materials are submitted to be examined spectro- 
<Traphicallv for trace elements. For example, in a case involving poisoned candy 
h ^^•ould be valuable to know if it contained all the trace elements which were 
in the sample of poison removed from a suspect's house. In other cases, the de- 
tection of the presence of a particular element may be especially desired. Thus, 
in a homicide case in which a lead pipe was used it would be of considerable 
assistance in the investigation to learn that the human matter and bone scrapings 
removed from the skull contained lead and all the trace elements present m the 
lead pipe found in the possession of a suspect. In these instances, maximum 
sensitivitv of detection is required so that it is necessary to remove the organic 
material by wet-ashing with spectrographically pure sulfuric, nitric, and per- 
chloric acids. ^Vet methods are used because the heat of a muffle furnace may 

cause the loss of volatile elements such as mercury and cadmium. 

The ashins procedure is as follows; A sample of 400 to 700 mg (or larger) is 
placed in a Pvrex test tube or a 20-ml Kjeldahl Bask. One ml of concentrated 
sulfuric acid fspectrotrraphically pure) is added to the tube tvhich is then heated 
over a sand bath. When charring is complete (this usuaUy takes from a to 
10 mink a few tenths of a milliliter of concentrated nitric acid (spectrograph- 
icallv pure! is added to the tube or flask and the heating is contiuned. Nunc acid 
is added until the oxidation is complete: this is indicated by the solution becom- 
ing water-clear. If 1 to 2 ml of nitric acid fail to discharge all the dark coloration 
the sample requires stronajer oxidation conditions. In this case a few tent^ o 
a mtlhUrer of Lncentrated perchloric acid* (spectrographically pure) is added 
until oxidation is complete, as indicated by the solution turning 
Heatinq is continued until the liquids have been completely remoced. The e e- 
ments are now present in the form of sulfates. The residue may now be mixed 

with graphite powder and analyzed in the usual manner. 

For quantitative work, however, it has been found that it is 
convert ffie sulfates into nitrates since the latter permit a wide variation m the 

composition of the original sample without influencing the 

whereas the results obtained using the former were influenced by the extraneous 
composition of the sample. 

• Perchloric acid is quite explosive ^"^er certain 
compound should be familiar with its , f Chemists .Msn., Wash. 5, 

its safe handline and u^^ In this Entitled Terchloric 

>n/r.. /. 13^-1 (1*543;; C vl936J. 
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17. reference UTERATURE: TABLES AND CHARTS 

Mention has been made previously of various charts and tables which are 
used in the interpretation of a spectrogram and the identification of the elements 
present. Since the spectral lines of iron are used as a reference standard, many 
charts are available to identify them by wave length. Among the charts available 

are the following ; 

Hilger Charts (A. Hilger, Ltd., London, 1937). A set of eight enlarged, 
mounted photographs of the arc spectra of iron (quartz prism dispersion) with 
the wave length of practically every line indicated. These charts cover the 

region 2084 A— 10216 A. 

For qualitative work, however, it is more convenient to have the principal 
or most sensitive lines of the elements indicated or shown in juxtaposition to the 
iron reference lines (see Fig. 278). Among the available charts of this type are 

the following : 

Brode, W. R., Chemical Spectroscopy, 2nd ed., Wiley, New York, 1943. 
This book contains a set of thirty-five charts (prism dispersion), cover- 
ing the arc spectrum of iron from 2310 A to 5081 A. 

Bardet, J., Atlas de Spectre cTarc, Doin, Paris, 1926. Fifty-four charts are 

available in this work. 

Two types of tables are necessary: one listing by wave length the principal 
lines of all the elements, the other listing the principal lines by elements. 
Abridged and extended tables of this sort are available. Again, Brode will serve 
as an example of a condensed set of tables. An example of a more extended table 
which lists most of the principal lines is : 

Harrison, G. R., M.I.T. Wave length Tables, Wiley, New York, 1939. 

The charts and tables mentioned above, or ones similar to them, should be 
at hand for reference purposes in a spectrographic laboratory. 

18. PERSONNEL 

Because of the responsibility and sound judgment required of the spec- 
troscopist in a police laboratory and also because the type of clue materials 
submitted may vary so widely that the work seldom may be regarded as purely 
routine, it is advisable to employ a trained chemist or physicist for this position. 
The interpretation of a qualitative spectrogram is not an easy task and the value 
of the results varies directly with the experience of the individual employed in 
this position. It is to be expected that he will be familiar vvdth the principal lines 
of the more common elements; that he will be thoroughly acquainted with the 
iron spectrum; that he will have extensive knowledge of the sources of raw 
materials and of the typical composition of a wide variety of substances, both 
manufactured and natural. In his hands the following advantages may reason- 
ably be expected from the investment in spectrographic equipment. 
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A small sample, i.e.. a few milligrams, may be analyzed rapidly wiih great 
sensitivity in the detection of even the impurities or trace elements, without 
regard for the ease or difficulty of the ordinary' determination and separation of 
the elements present by the usual chemical methods. In addition, experimental 
and personal errors are reduced to a minimum and a permanent record of the 
composition of the evidence sample is obtained in the form of a spectrogram. 
This may later be examined by opposing experts or used to prepare enlarged 
positive spectrograms as evidence for exhibit in court. 


19. PROBATIVE VALUE OF SPECTROCHEMICAL ANALYSES 

A considerable portion of the work of the spectroscopist in a police laboratory- 
consists of making a comparison of the spectrogram of an unkno\vn with that of 
a known. For example, when a jimmy, suspected of having been used in a bur- 
glarv, is submitted to the laboratory together with paint scrapings from a 
^vindow or door, it is first necessary to compare the respective spectrograms of 
the paint on the jimmy with that of the paint from the window or door of the 
bursflarized house. Obviouslv. thev should be the same if the burcriar’s tool is 
to be connected with the crime. On the other hand a mere comparison of the 
spectrograms is not sufficient; it is also necessary to identify the elements present. 

For the sake of discussion let us suppose that two paint spectrograms match 
line for line, but that, when the qualitative identification is completed it is 
found that only those elements ordinarily found in these paint U'pes are present. 
In this case would the findings of the forensic spectroscopist justify a claim that 
the paint on the jimmy came from the paint of the window? The answers to 
questions such as this are not simple. For example, if an element, present perhaps 
only in small quantities, i.e. as a trace, is identified in both samples and this 
element is not usuallv associated with paints, then it would be correct to argue 
a common origin for the two paints. Another alternati\e ^^h^ch must be con- 
sidered is the case of two paints (known and unknown) which ha\e in addition 
to the usual constituents, small but numerous and not particularly unusual, 
traces of contaminating foreign elements which frequendy are present in the 
ra^v materials or are picked up during the routine processing of the paint m the 
\ arious stages of its manufacture. The question arises what is the minimum 
number of such trace elements which need be present to "confer uniqueness ’ on 
the two samples? The answer of course must be somewhat arbitrar^^ If there are 
a\ ailable sufficient data concerning the statistical variations of these constituents 
in paints, an answer based on probabUity considerations may be had (Chap. 46). 
The usual procedure at present is to accept the judgment of the spectroscopist. 
,As in the case cited above, he will declare two paints to be similar if the spec- 
trograms are the same and some trace element if it is very unusual (or several 
trace elements if thev are more common as contaminants) is present. Obviously, 
sound judgment and familiarity with the spectrographic composition of paints 
(in lieu of accurate compilations of the statistical variations in the composition 
of oaints) is necessary in making decisions of this kind. 
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If a common type of pami such as a whiir U a(U!iihoi)on<- rnixuirc is found 

on a screw driver or wood chisel the evidentiary v.ihxr is not very t^r<-at. How- 
ever, if the paint is located on a table knife, pair of sc i-sors. or fiieM i naii file, the 
value as evidence is considerably -reaicr because cW' the iiifn-C|uen( v ol paint c)ii 
these articles. In the case of the screw driver it would Ik* n<*cessary to hud 
several trace elements in both paints (as many as thirtv have [x*en iVmnd in somh* 
samples) before any claim for uniqueness could be inadee If two different paints 
are involved, as might happen in an auioinoldle accidc*m, such as [>etW4-en a 
bicvclc and car. or two cars in which bcjih paints are siinullanetjusly transit*! red. 
the evidentiarv value is increased even though a large number of common trace 
elements or a few unusual trace elements wc-re not fcxind. Again, if the paint is 
a relatively rare type, such as one which used mercuric sulfide as a red ijigm<*ni 
(English vermilion) or zirconium oxide as a white pignic-ni, the \ alue of the clue- 
material as evidence is increased because of the relatively uncomrncjii occurrence 
of these substances as pigments. For the more common types of paint it would be 
necessarx’ to find several of the same trace elements in both or a few of the more 
uncommon trace elements before the spcctroscopisi would be justified in stating 
that the two paints had a common origin. Of course other findings l(*ss spec- 
tacular than that of two samples having the same, unique composition are by no 
means worthless. Indeed, the mere similarity l)etwcen two samples of paint, even 
though only a moderate probability can be assigned to their ha\ ing come from 
the same window, when considered not hy itself but as a part of a chain of events, 
may — because the product of the probaiiiliiies is involved ~ l)e sufficient to 
throw the scale of doubt beyond that which is reasonable. 

As another example of a common clue material that is suitable for speciro- 
graphic analysis, let us consider soil. In the case of this material, a large volume 
of spectrographic data relative to trace elements has been accumulated by 
various governmental agricultural experiment stations whose interest arises out 
of the imp)ortance of these elements in plant and animal nuiriiion. ’^ 

The earth’s crust is of fairly uniform composition, 98 per cent consisting of 
only twelve elements. Of these twelve, eight may be analyzed spccirographi- 
cally, although in the case of these "macro” elements (silicon, aluminum, iron, 
calcium, sodium, potassium, magnesium, and titanium) ordinary chemical 
methods may be used. The remainder of the elements makes up the other 
2 per cent of the earth's crust and constitute ‘'micro'’ or trace elements; in 
criminalistics, trace elements are of considerable interest in the examination of 
the evidence and comparison samples. 

Rogers, ei al.,^- in a study of 89 cultivated and 43 virgin soils from 77 different 
locations in peninsular Florida reports on the distribution of 27 micro (trace) 
elements as determined spcctrographically. These results are shown in Table 30. 

Of the twelve trace elements in the first three columns, eleven are reported 
by Souder^ as having been found in six .soils taken from three geographically 
different sections of the country (Texas, California, and Maine — two samples 
were obtained from each state): the samples were taken from the same field 
within 100 ft of each other but they were different in physical appearance. Only 
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one of the elements in the last column, cobalt, is listed as having been found in 
the soils from Texas and California; in the Maine soil, cobalt was found in one 

sample but not in the other. 

From these studies it can be seen that, in general, spectrograms of widely 
different soils will be quite similar. Souder,^ quite properly, admonishes against 
hastily concluding that this similarity may be interpreted as indicating a com- 
mon origin for the soils. Instead, the factors upon which an experienced spec- 
troscopist should base his conclusions that the soils are the same are the absence 
of minor differences, such as a few lines in one spectrogram which are not present 
in the other, and the absence of variations in the relative intensities of the lines 


TABLE 30 


DETECTED IN 
PRACTICALLY 
ALL SAMPLES 


Titanium 

Copper 

Boron 

Zinc 


DETECTED 

DETECTED IN A 

NOT DETECTED 

FREQUENTLY 

FEW SAMPLES 

IN ANY SAMPLE 

Strontium 

Nickel 

Arsenic 

Barium 

Silver 

Antimony 

Chromium 

Vanadiiun 

Bismuth 

Manganese 

Zirconium 

Lead 

Cadmium 

Thalliiun 

Cobalt 



Molybdenum 

Lithium 

Caedum 

Yttrium 



Tungsten 

Lanthanum 



Beryllium 


of the elements present. In addition, the number and type of ttace elements 
must be considered, especially those found in columns 3 and 4 of Table 30. 

Glass fragments are another type of clue material which is submitted to the 
laboratory for spectrographic analysis. Usually, a comparison is requested 
between the fragments remaining at the scene of the crime with those found m 
the possession of the perpetrator. In a hit-and-run case by an automobUe the 
known sample is not found at the scene but rather it consists of the pieces re- 
maining in the broken headlight lamp, whereas if window glass is broken, ^ m 
some burglary cases, the known sample is found at the scene. Generally spe g, 
the spectrograph is of greatest value in these cases in demonstratmg majOT 
differences in composition between two samples rather than in proving the 
to be the same, for there frequenUy is no great variation in the ultimate com- 
position of glasses used for the same purpose. Of course, if some ^ 

Lment should be present the same type of reasomng applies, as m the 

of the soil materials or paints discussed above. 
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exercises . 

1. It is highly recommended that the student perform all the appropnate expen 
ments found in Gibb“ and the more extended exercises found in Brodc.“ -31, 

2 After these exercises have been mastered, several samples of typical Clue im. 

such' as paints, soils, glass, metals, etc., should be collected. be 

chosen from widelv different sources but, at the same time, they should app^r 

similar to the unaided eye. For e.xamplc, several white paint ^ 

which to the eye, appear to be similar; likewise, glass from several auto headlight lense 

(ie from different cars of the same make, year, and model) should also be obume . 
Spectrographic analyses, using the appropriate techniques, should be made of these 
substances. Since these substances are apparently similar, the results should be comparea 
for the similarities or differences which are revealed in the spectrograms; particular 
attention should be paid to the variations found in each type of clue material examined. 
It would be well also to make a comparison between two or three samples of paint uken, 
as would be the case in obtaining a known sample in a burglary investigation involving 
paint on a jimmy, from different areas on a window or door which might have been 

forced in the commission of the crime. 
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CHAPTER 42 


X-RAY DIFFRACTION 


L ANALYSIS BY X-RAY DIFFRACTION 

The most powerful tool available to the scientific criminologist for the 
analysis of small traces is, as we have seen, the spectrograph. With this instru- 
ment the chemical composition of minute samples of clue material can be deter- 
mined. The spectrograph accomplishes this analysis by revealing the metallic 
elements present in a substance. It does not, however, indicate the crystal 
structure or the nature of the molecule present. Such knowledge may at times be 
of critical importance. It is for this reason that x-ray diffraction apparatus 
should occupy a position in the police laboratory at the side of the spectrograph: 
it is capable of analyses which are beyond the power of the spectrograph, and 
it provides a valuable supplement to spectrographic analyses. In addition, the 
x-ray diffraction analysis does not destroy any part of the sample used ; hence 
the evidence can be preserved even though it is only a minute scraping of paint. 
The method is most effective in the analysis of crystalline substances; it will, 
however, also reveal valuable information concerning an amorphous substance 
such as glass. 

The method of x-ray diffraction consists in sending a narrow beam of x-rays 
ihioi^h the crystals of a substance and recording photographically the m a nn er 
in which the crystal diffracts the rays. In this way the crystal structure of the 
substance is determined. The nature of the substance also is revealed because 
crystal structure is a umque characteristic. The application of this mformation 
to the work of the criminalistician will be discu^ed at the end of this chapter. 
For an appreciation of the possibilities of x-ray cfifiraction an elementary 
knowledge of the theory is necessary. 


2. THE CRYSTAL AS A DIFFRACnON GRATING 

In Chapter 41 we saw that, when light passes throi^h apertures wlu 
of the order of magnitude of the wave length of light or is r^ected by a 
surfiice, the phenomenon of diffr action is observable. Each aperture serv 
sraree of a new wave front, and the resulting disturbances on a sen 

photographic plate reveal very bright maxima where they are in phase, 

607 



A.S I.VIMIMH C'TION T<i ( 


raird ivf dari bamk 
Ii4kf%»inc rrlatiuo w 






r. 






d rn vti d 


# « 


4 * 


(1 




la tfw 

4 








U- 




















«»hrrr # a thr an«uiar wtdtli td dar matral 
lt«ht uMd , and 4 m ihr fraunf n— lani &Mwir 
atrurairly, (hr wavr Imuth at lifhi cm br 
\>raya arr rtrr mimacnrur wavra a# liar 
only tn aavr kntth, X iur a-raya hnnf hrtarrn MO A to 0 04 A l( 
ra|irr(rd that thry wituld rahditl (hr [ihmcai imi *4 ddbaraaoai 4 
uard wicrr auHirtmtly hnr. In optical Mlrmtutm thr 
ruled vtiith a(>poi«unairly 10* linra prr mHianrarr, an that 4, the 
rnrnt, ta atatui lir* cm or lO* A in width If wr aaauaar 1 A aa dar 
iriMtth (4 a-rayt and SflUU A hir litrht waara. thrai auarr a graianQ 
I0,U()U A t« rrc|uirrd Iur optical dUfractaon, wr c 
rlrinrni of 2 A or 2 X 10 * cm would br rrquirrd for thr (USractauaa 
The inrchanaal rulinfi td auch a bnr ft^aunc la prartacaBy 
Nature itarlf, Imworr, pruMdrs an idral fraunf w thr rrfular 
aioiiu in thr iatticra of cryatala. Frutn thr dmatty cd a aubaiaaarr Mch aa rwX 
and from Avufadro’a nuintirr wr can deduce that (h 
alonf ihr cdfc of the cryatal ia aljuut 2.8 X 10 * cm. Thia mimber 
ideally to thr aprcificatkxis fur our a*ray dtflracitun fratiaf. 

In uptkal diffraction wr know thr value of thr fratuif 
drirmiinr by inrana of rquatiun 1 1) thr wavr lenfth of licht In a-ray di0r 
wr have thr oppoaite proliinn: knowinf the wave Irnfth of the radiation, 
drirrmine the fratinf conatant. Thia fratinf cooatant la characirriatir td 
crystal under examination and hmer can br uard lo identify thr mbacance 

3. CRYSTAL STRUCTCRE 

A crystal is a homottmroua and aniatropic aobd medium rrmltinf 
orderly airanamirnt of thr cooatitiKnt atocna. Under litabfr co^ itwa al 
cryiuU can develop cryatal faces The an«lr between corrmpoodmf crysta l 
planes is constant, and the reUtive orientatajo of crystal faces is a charac ut iat sc 
property which mav serve to identify the crystal. In order to describe the cr^ 
planes an appropriate coordinate system must be choarn. The pUnes can then 
br indexed in terms of their intercepts on the coordinate axes T^ axes sj^ 
usually chosen parallel to certain crystal rd«es and arrnot necemarily n ^ualfy 
orthotfonal as in Fi«. 280. .Moreover, it is found useful to work soth ddFrrt^ 

on each of the axrs In Fi«. 280 thr equation of the plafie may be 
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nee the constant ^ identifies only one of the planet of the art. The intefcep® 

Fthenlaneontheaxesares,*, and c. 1 1 can be seen from elementafy 
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that die fflnsfanfs k, k, and I are proportional to the reciprocal intercepts 1/a, 
1/6, and 1/c. The constants h,k,aiidlaie called the iadkes of the plane and are 

vmtten as a triad, viz/(A it 0 - It wm be found that the indices of any 

are proportional to three small integers when the axes are chosen in the manner 
described above- These three integers (without a common factor) are caUed the 
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indices. Thus, die egression (010) would represent a plane intersecting 
die T'axs at unit distance and parallel to the JT and Z sutes; its intercepts would 
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properties of the macrocrystal. The crystal lattice in Fig. 281 is obtained by 
subjecting the unit cell (heavy -lined parallelopiped) to all of a prescribed set of 
operations called a translaiion group. Thus all the interplanar spacings of the 
crystal can be expressed in terms of the unit cell. 

In Fig- 282 a cubic lattice (NaCl) is represented. The dimension do of the 
unit cell will give us information concerning all the interplanar spacings in the 
crystal. If we refer to as rfioo since it mezisures the distance between the (100) 
planes, other interplanar spacings such as those of the (110) and (111) planes 
may be represented by rfno and rfm- Simple geometry will yield the ratios 
^uo/<fioo = I/V 2 and rfiu/</ioo == 1/V^. Similar ratios can be readily derived 
for the (211), (310), (321), and other planes. Thus, a knowledge of do will yield 
the essenticil information concerning the crystal. We may consider do as the 
grating space, and the determination of its value as the immediate object of an 
x-ray diffraction analysis. 


4. BRAGG’S LAW 


One of the main differences between the optical diffraction grating and the 
crystal employed as an x-ray diffraction grating is that the latter is a three- 

dimensional grating and as such pre- 



sents a much more complicated state 
of affairs mathematically. The prob- 
lem can, however, be simplified by 
considering the x-rays as being re- 
flected firom the various layers. Fig- 
ure 283 represents a plane section of a 
crystal. Planes can be drawn through 
the atoms in many directions, viz., 
AA\ BB\ CC\ /)/>', ED\ etc. An 
entering beam of homogeneous x-rays 
is partially reflected from each of 
these planes as shown in the diagram. 
The conditions under which these 
reflections take place are defined by 


(f Bragg’s law. 

Fig. 283. Reflection of a beam of a-tays Figure 284 represents a section of 
from planes of atoms in a cxystaL Space lattice. Li and jL% are two planes 

separated by a distance d = OR, Bi 

and Bi are two beams of x-rays incident at points 0 and R of planes Li and 

Li, respectively, at the glancing angle 0. Bi and Bt are reflected as Ri and Ri at 

the same angle. Draw OP and OQ, perpendicular to B,R and RRz at P and Q 

respectively. Since angles BiOLi and POR have mutually perpendicular arms, 

Z POR = 0. Similarly Z QOR = 0. 

If the reflected beams Ri and Ri interfere constructively, the difierence m 
optical path must equal a whole number of wave lengths, viz., nX, where n is 


an integer. 
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Hence, 


PR + R(l^ «X. 


But 

therefore, 

This equation is known 


PR ^ Rd^d sin B; 

fiX « 2<f sin 0. 
as Bragg’s law. 



Reflection is taking place also at all parallel planes below these two. Path 
dificrences of X, 2X, 3X, etc., are encountered, just as in the case of optical dif* 



Fig. 284. Bragg’s law. X-rayi reflected at parallel planes in a crystal. 


fiaetioa, and n represents the order of the x-ray spectrum. Corresponding to 
each value of n is a bright maximum on a screen receiving the diffracted 
radiation. 

9 

Since there are many series of parallel planes in a crystal, rotation of the 
sample will give different values of B and a series of values for d. This series of 

d values is characterisdc of the substance and serves to identify it. It should be 

• » 

noted that for constructive interference to take place, 0 can assume only certain 
values, 6 m, which are called the Bragg angles. 


5. THE WAVE LENGTH OF X-RATS 

V 

" order te use Bragg’s law for the purpose of determining the grating con- 
stan^^e must have available a source of radiation of known wave l*mgyb We 

hforesem inChapl ^22 that when electrons moving widh great vdocity impinge 

upon a sdid substance, x-rays are emitted by tiie striistance. Radiation eff thin 
natuiEe^covem afoirly wide region of the spectrum. This contiiuious ^ectrum is 

in ordinary xHray urark, such as that described in (Smptser 22, but it 
ot be used seta source of homogeneous radiation. It is found, howe\^, that 
when the voltage exceeds a cectam value, depend&ng upon the target of die 
tube, a Mne spectrum is detectable, soperlmpcKed, as it were, on the con- 
tteoiis specuim intensity of the x-ray btam (as measured by ionization 
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current) is plotted against wave length as in Fig. 285, a continuous curve is 
obtained, corresponding to the continuous x-ray spectrum. At certain points, 
iowever, peaks occur corresponding to the line spectrum. The location of these 
3eaks varies with the element; hence, the term characteristic radiation is applied, 
i^or every element a series of monochromatic x-radiations can be obtained. 


Ka 



WAVE LENGTH 


Fig. 285. Continuous radiation. The peaks csorrespond to characteristic 
lines. 

Figure 286 represents a typical spectrum of the characteristic radiation of 
an element. Two series of lines are present: the K and L series. In each series 



Fig. 286. The K and L spectra of an element. 


are shown three lines : a, /3, and y. Thus, we refer to the Ka line or the LP line. 
Unlike optical spectra, the lines of the x-ray spectra of the various elements are 
similarly placed; i.e., the dispersion is not anomalous. Figure 287 shows the 

K x-ray spectra of a number of elements. 

The wave length of the characteristic x-rays to be expected when a given 

element is used as a target can be determined firom a relation first discovered by 

Moseley. Since x-rays are of the same nature as light the frequency v of x- 

radiation is given by 


c 



( 3 ) 
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STRONTIUM 


RHODIUM 


Fig. 287. The K spectra of three elements, illustrating the decrease 
in wave length of K lines with increasing atomic number. 

where ^ = 3 X 10*® centimeters per second, the speed of light. By plotting the 
square root of the frequency against the atomic number ^ (the position of an 
element in the periodic table), Moseley obtained the following simple relation: 

= aiZ - <f) (4) 

where a and a are constants varying with the series (A*, L, . . .) under con- 
sideration. 

Since characteristic radiation is 
expect it to be related to the dis- 
tribution of the electrons in the 
orbital shells of the atom. In the 
discussion of optical spectra in 
Chapter 41 it was stated that these 
spectra are due to energy changes 
taking place in the atom. On the 
absorption of energy an electron is 
removed to a position of greater 
potential energy, farther from the 
nucleus. When an electron drops 
back to take the place of the dis- 
placed electron, energy is released 
in the form of radiation. The char- 
acter of the radiation depends upon 
the location of electrons affected. 

Light radiations occur when an outer 

valency electron is moved into one of the “virtual” orbits and an electron falls 
into an orbit nearer the nucleus. When an iimer electron, close to the nucleus, 
is knocked out of position, and an electron falls in its place, x-rays are emitted! 


a function of atomic number, we should 
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Figure 288 is a diaErram of the model atom showing the inner orbits K, /.* 
M, and The arrows between orbits indicate the electron ‘"drops" which giv e 
rise to the correspondingly lettered peaks of the curve in Fig. 285. The order of 
relative frequency or probability with which these changes take place is a, 7. 
Thus for the A" spectra the probability of a transition decreases in the order 
L K. M a; A ‘ A" 


6. EXCITATION OF X-RAY SPECTRA 


By applying Einstein's photoelectric equation it is possible to determine the 
minimum energ\’ which the bombarding electrons of the x-ray tube must 
possess in order to excite the various A, and M spectra. Expressing the 
energ)" in terms of peak voltage T applied to the tube, the minimum wave length 
in Angstrom units, X min^ (wave length at which the white or continuous radia- 
tion cuts off) is given approximately by the Duane-Hunt relation: 


Since, from Moseley's law: 


X min 


12.345 

V 



c 

a-iz - ’ 


( 5 ) 

( 6 ) 


we have in these Uvo equations a means of determining the nature of the target 
required for radiation of a certain wave length and also the approximate 
voltage necessary to excite this radiation. In practice the excitation potential is 
determined by substituting in equation (5) the wave length of the AT absorption 
edge which is given in Table 31. This table is a list of some of the elements 
which can be used as targets in an x-ray tube. The elements are listed in the 
order of atomic number opposite the ^vave lengths of the Ka doublet, the line, 
and the K edge. 


TABLE 31 


WA\X LENGTH IN .ANGSTROM UNITS 


K Absorption 

^ Edge 


Chromium 
Iron 
Cobalt 
Nickel 
Copper 
NIolybdenum 

To achieve maximum contrast betvveen the K lines and the background a 
peak potential of 3.5 to 4 times the excitation potential is applied to the tube. 

The choice of target depends upon the nature of the material being examined. 
Tf df.<;irahle in studvinc a substance to use a target consisting of an element of 


24 

2.2889 

2.2850 

2.0806 

2.0659 

26 

1.9360 

1.9321 

1.7530 

1.7394 

27 

1.7892 

1.7853 

1.6174 

1.6040 

28 

1.6583 

1.6545 

1.4970 

1.4839 

29 

1.5412 

1-5374 

1.3893 

1.3774 

42 

0.7128 

0.7078 

0.6310 

0.6184 


TARGET ELEMENT 


.ATO>aC 

NUMBER 


Kat 
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lower atomic number. For example if the specimen to be analyzed is thout^ht to 
have a high percentage of nickel, an iron target would be used. This choice is 
determined by the fact that the energy of the A' orbit increases with aioinic 
number. If an element of higher atomic number is selected, its radiation will 
possess sufficient energy- to cause the atoms of the element of lower number to 

emit x-rays and thus fog the film. 

The Ka rays are used for monochromatic radiation. In order to eliminate the 

lines an appropriate filter must be used. The choice of filter material is deter- 
mined by the A* edge which is the critical absorption wave length. If a beam of 
x-rays impinges on a plate composed of a certain element, it is found tliat the 
absorption of the rays as measured by the ionization current is not uniform. 
Absorption discontinuities occur for each of the A, L, A/, A, and 0 spectra. 
In Fig. 285 this discontinuity for the A' spectrum is seen at the left of the figure. 
The critical wave length at which this discontinuity occurs is called the absorplion 
edge. Wave lengths shorter than the critical value will be absorbed to a much 
greater degree than the longer wa\'e lengths; hence a material of appropriate 
absorption edge can be used to filter out certain x-rays emanating from a 
different material. The K edge of an clement is located just below the A/i line. 
I'o obtain monochromatic radiation with a given target element, the filter- 
screen element is chosen so that its A' edge lies between the Ka and Ad line 
of the target. Thus for a molybdenum target i Aa = 0.710 and Ad = 0.631 A) 
zirconium would be a suitable choice for a filtering screen, since its K edge has 
a value of 0.687 A. 


7 . X-RAY DIFFRACTION METHODS 

The essential parts of any x-ray diffraction apparatus are a system of pin- 
holes or collimating slits to limit the x-ray beam, an arrangement for holding and 
manipulating the sample, and a means of recording the scattered radiation. Two 
methods are of outstanding importance — the powder method which uses a 
polycr\^stalline specimen, and the single crystal method in which rotation, 
oscillation, or moving-film techniques are employed. Although the powder 
method is at present the most popular, single cr\'sial techniques provide a moie 
powerful tool for analysis of complex organic molecules as an effective means of 
determining grain size, orientation, recrystallization, and distortion. Single 
crystal diagrams, however, are quite difficult to interpret. Reciprocal lattice 
principles are of great assistance in reducing this difficulty of interpretation. For 
the criminalistician the powder method is more suitable for the analysis of small 
quantities of clue materials. 

As we have seen, there are a number of sets of parallel planes in an atom. 
If a collimated beam of monochromatic x-rays is permitted to strike a crv-^stal, 
the manner in w^hich the radiation is reflected will depend upon the orientation 
of the cry^stal. Such a cr>’stal may not lie in the correct position for reflection; it 
is then necessary to rotate it in order to obtain all the possible angles of reflection. 
If, however, a powdered sample is presented to the x-rav beam, the randomness 







\N IS mooi cr ION n* cjiiviisalihticx 


ntatfun the many irystaia wUi rrvuil in auenr >4 iKr eryvtak lyui« 
pOMibk ani(trs of rrfWcitoo ao that rvrry art tM pianrt tn the rryatai 
>utr to the diffraction picturr. The mult will hr a lumpirtr 
and an adequate dracriptiun of the cryatal 
^urc 289 u a achematic diaipam of the Debve-Scherrer cai 
a is in the form of a cylinder A beam of moouchrumattc a-ravi 
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§ 
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Fi*. 289. Cylindrical powder difTractioo camera acbematic diagr 


cylinder through a pinhole or slit which serves a collimator. The beam then 
strikes the p>owdered specimen at the center of the camera. The unaffected x-rays 
pass through the camera and emerge through a hole. The diffracted rays are 
reflected in many directions against the wall of the cylinder, in which there is 
placed a lining of film to receive the reflected x-rays and record the pattern. 

In preparing the sample the piowder is screened through a siei-e. A 200 mesh 
is used for metals or alloys; a 330 mesh is used for minerals or artificial materials 
which have coarse crystzils. The specimen may be mounted in several ways. 
.Amorphous materials such as glass, collodion, or glue are employed in mounting 
so that there will be no additional crystal piattem. The specimen may be 
mounted in a thin tube or rolled into a fine wire by means of glue or collodion. 


8. ANALYZING THE PATTERN 

The film pattern formed by the diffracted x-rays depends upon the tvpe of 
collimating entrance used. If a slit is used, the lines on the film are straight. 
With the pinhole collimator the x-rays are reflected from the crystals as the 
generatrices of coa.xial cones. Figure 291 show^ the intersection of these cones 
wnth the flat sheet and the resulting rings. The intersection of the cones w4th a 





Fig. 291. Reflection of x-rays in powder method. 
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cylindrical film will result in a set of more complicated curves which, however, 
appear on the film to be arcs of concentric circles. 

The angle 6 can be calculated from the simple geometrical relationships 

P which are illustrated in Fig. 291 . The 
angle of the cone is seen to be 46 in 
the diagram. The reason for this value 
^ be seen from Fig. 292 which shows 

— - — T — if y the formation of one -half of the cone, 

viz., ROU. 

Fig. 292. ^ lattice plane. The x-ray 

beam strikes the plane at 0 at an 
angle 6 and is reflected in the direction R at the same angle. Since LPOU = 
/.BOP' = 6, /ROU = 26. Hence the whole angle of the cone is 46. 

If the linear distance subtended at the film is S and the radius of the camera 
is r, we have : 

e = I- (7) 


d = 


4r 


The values of 6 are calculated for each line on the strip of film. These values 
are substituted in equation (2) and a series of d values obtained. From the d 
values the crystals can be identified by reference to a set of tables such as the 
Hanawalt Tables. The type of crystal can also be determined by calculating 
the Miller indices and the lattice parameter. Tables of grating constants are 
available in the International Critical Tables and the Handbook of Chemistry and 
Physics. 

Instead of identifying a substance by calculatingff values, a simpler procedure 
may be employed if a sufficient number of standard reference films is available. 
The film bearing the unknown pattern is matched with the standard film of a 
known element or compound. If the lines in the standard film are matched in 
location and intensity by those of the unknown, the known standard substance 
is present in the unknown. If all the lines in the unknown are not thus accounted 
for, another substance is present and comparison with additional standard films 

is necessary. 

If two samples of clue material are submitted to the laboratory for com- 
parison — for example, powder found on the garment of a suspect and powder 
from an area at the scene of a burglary — both specimens may be studied for 
our purposes by comparison of the two films. If the diffraction patterns corre- 
spond, the compounds present are the same, and a supplementary spectrographic 
analysis should be made. If they are radically different, no further analysis 

is necessary. 


9. APPUCATIONS 

The possibUities of x-ray diffraction in chemical analysis have already been 
broadly oudined. The two problems of criminalistics — namely, identification 
and comparison — lend themselves readily to solution by this method. Com- 
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parison is accomplished by matching the lines on the film of the known and 

unknown. 


In the identification of a crystalline compound, x-ray diffraction possesses 
certain advantages over chemical analysis: Analysis by x-rays requires only a 
small amount of sample; the necessity for separating and preparing the material 
is eliminated, with an immense saving in time, a tactor which can be of decisive 
importance in a case; finally, the photographic film offers a permanent, objec- 
tive record which can, if necessary, be submitted in court to substantiate 
testimony. In relation to spectrographic analysis (optical spectrography), x-ray 
diffraction possesses the following advantages: x-ray spectra depend only on the 
atoms and not on the molecules present and hence complications such as band 


spectra and other effects due to chemical combination arc avoided; the number 
and relative intensity of lines in x-ray spectra are not dependent on excitation 
conditions; moreover, the line pattern is much simpler than that of the optical 
spectrogram. The picture of the crystalline structure which is provided by x-ray 
diffraction is a decided advantage in distinguishing between mixtures and com- 
pounds, and in distinguishing various phases of the same substance, e.g., poly- 
morphs such as wurtzite and sphalerite. 

The following are some of the specific applications to police work: 

(a) Metallurgy — In addition to the usual comparison problems of metals 
presented to the Laboratory, cases of sabotage sometimes arise. A metal part 
such as a clamp or tongs may break under normal tension. The question is 
asked; “Was this break due to defective materials or to criminal tampering?’' 
Ordinarily petrographic methods are employed. Sometimes, however, these 
methods fail because the crystals are opaque or not large enough to be resolved 
by the microscope. Another example of the use of x-ray diffraction would be 
in the identification of deposits on gas cylinders, tanks, and feed lines. In an act 
of sabotage a hole may be formed in such a container by means of an acid. The 
area surrounding the hole is covered with scales of unknown origin. Are the 
holes due to natural corrosion or to the application of an acid?^ 


X-ray diffraction is applicable to metals in the following ways: 

i. To distinguish among the various phases of the fifteen or more polv- 
morphic metals. Different heat treatments produce different crystal 
forms. For example, iron carbide when cooled rapidly will show a 
diffraction pattern different from that of a slowly cooled specimen. 

ii. Identifying alloys formed by mixtures such as copper-tin (bronze), 
copper-zinc (brass), copper -silver, etc. Some of these alloys form com- 
plex intermediate phases.^* ^ 

iii. Detecting distortion of grains due to tension or strains. 

iv. Detection of fragmentation of grains due to exceeding the elastic limit. 

v. Detection of undesirable “preferred orientation” in a metal due to 
directional cold work.^ 

vi. Determination of the effect of improper annealing.^ 

vii. Determination of surface stresses on welded joints while under load.* 
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viii. Detecting the causes of metal failures in general. 

These types of examination are of value in the investietation of sabotage and 
accidents and in the comparison of two pieces of metal. 

{h) Paint --The examination of paints, particularlv of automobiles in- 
\'olved in accidents, is a common laboratorv problem. This is usuallv accom- 
plished with the spectrograph. Many pigments, however, contain titanium 

dioxide which mav exist in forms differing onlv in the atomic lattice. These 

¥ ^ 

torms are known as rut He and anatase. X-rav diffraction is the onlv method of 

¥ 

distinguishing them. 

(X) Precious Gems — The identification of pearls and precious stones as 
genuine presents a serious problem to the police scientist. Ordinary x-ray meth- 
ods and ultraviolet examinations are unsatisfactorv. Examination by an expert 
jeweler is helpful. The most satisfactory objective method, however, is that of 
x-ray diffraction. This method is at a great advantage here because gems can be 
examined without alteration.-' 

(d) Ceramics, Clays, and Soil Materials — Soil materials from the scene of the 
crime are sometimes carried on the shoes of the criminal. X-rav diffraction 

4 


methods offer an additional means of comparison of two samples. Comparison of 
fragments of broken earthenware can also be accomplished by this means. The 
analysis of many cement compounds is possible only by x-ray diffraction.^^- 
[e) Textiles — Additional information concerning cloth and other fibrous 
material can be obtained bv studving the orientation in the crvstals of the 

t * ^ * 

fibers through x-ray diffraction methods. The identification of cotton, wool, and 


rayon fibers is accoitiplished in a more scientifically reliable manner. 


1:3, 14 


[i) Dust and Fine Pou-der — One of the classical methods of associating a 


suspect with the scene of the crime is bv means ot fine particles of matter found 




Fig. 293. X-ray diffraction pattern of quartz. 




on his clothing or bodv. Edmond Locard was the first to gi^'e an extensi\e treat- 
ment of the microscopical examination of such clue material. O'Xeill has given 
a more scientific approach to the subject, and stresses the ditTiculties in\ol\ed in 
a microscojMcal analvsis. S[:)ectrographic analysis may be undesiiable because of 
the consequent destruction ot the minute trace. X-ray diffi action pi o\ ides a 
valuable means of supplementary analysis. Factory dust, mine dust, quartz, and 
other powders have been analvzed in this manner. It is worth noting that the 
petrographic microscope cannot distinguish between free quartz and some 

silicate minerals. 
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(g) Glass — Although not a crystalline substance, glass is by no means truly 
amorphous. A diffraction film of glass will usually present a pattern of holes. It is 
possible by this method to compare samples of glass found in conjunction with 
a motor vehicle homicide or a burglary.^" The method is, however, not as 
effective as a spectrographic analysis together with a comparison of the physical 

properties of the two samples. 

(h) Rubber — Natural rubber can be distinguished from the synthetic 
rubbers. Moreover, distinctions can be made among the synthetic products. The 
crystal pattern in rubber is produced by stretching the sample. 

(i) Xarcotics^^ — In cases involving violations of laws relating to the u.se or 
sale of narcotics, it is necessary to prove that the evidence submitted actually 
contains a narcotic. Usually the sample which is seized in evidence is in the 
form of a white powder. The white powder may contain a high percentage of 
some substitute such as milksugar. Adulterations of this nature can make 
chemical detection of morphine, cocaine and other narcotics quite difficult. By 
x-ray diffraction, however, it is possible to make a direct analysis of the crystal 
structure and to determine the nature of a narcotic often in less than the time 
required by chemical analysis. Moreover, this technique will differentiate be- 
tween narcotics which are quite similar in chemical reactions. For purposes of 
comparison a file of powder films of narcotics should be maintained at the 
laboratory. Barbiturates, which have but recently come under the cognizance 
of the law, offer special difficulties of analysis. Frequently, in distinguishing be- 
tween barbiturates, the analyst must rely on mi.xed melting point determinations. 
Where impurities are present, additional difficulties arc encountered. Such an 
analysis can be greatly simplified by means of x-ray diffraction films such as 
those shown in Fig. 294. 

(j) Gunpowder — Research in the identification of crystalline materials used 
in explosives by means of x-ray diffraction has recently been undertaken.^® The 
identification of powder in this manner can be quite helpful in a criminal case. 
For example, the source of the powder which was used in the construction of a 
package bomb may be traced if the nature of the explosive can be determined. 

(k) Poisonous Mixtures — When a poison is mi.xed with other substances in 
order to disguise its nature, difficulties can arise in making a correct analysis. 
For example, in a recent case a cyanide had been mixed in a box of salted nuts. 
Chemical analysis could not determine whether the poison was sodium cyanide 
or potassium cyanide. The presence of sodium chloride interfered with what 
would otherwise have been a simple analysis. A crystallographic examination, 
of course, would have been of great assistance here. The rapid and relatively 
simple method of x-ray diffraction, however, readily resolved the difficulty. 


10. LIMITATIONS OF THE METHOD 

X-ray diffraction, as we have seen, has many features which recommend its 
use in the field of criminalistics : economy and simplicity of method, permanency 
of the record, preser\^ation of the e\ idence even in minute traces, and informa- 
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tion concerning the state of chemical combination of the substances present. 
There are, however, several disadvantages which are of considerable importance 
but which in the main affect the quantitative rather than the qualitative value of 
the method. 



‘*1 

$ 

» 
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(c) (d) 

Fig. 294. X-ray diffraction pattern of barbiturate compounds; (a) cyclobarbital; 
sodium pentobarbital; fcl phenobarbital; (d) sodium amytal. (Filtered copper radia- 

tion) 
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1. The information derived from the x-ray pattern is not comprehensive; 
that is to say, the lines on the film tell us what substances are present, but 
cannot inform us conclusively what substances are not present. 

2. The method is most effective with solid crystalline substances. Approxi- 
mately 5 per cent of solid inorganic substances are amorphous and will not yield 
a sharp diffraction pattern. The diffuse halos which are obtained in the latter, 
however, are valuable for comparison work. 

3. Many substances will give a very weak pattern. If these are in the presence 
of substances of stronger pattern, they may be difficult to detect. Depending 
upon the substances involved it is possible that a substance may not be detected 
even though it represents 10 per cent of the mixture. 

Fortunately, the information obtained through x-ray diffraction is eked out 
by spectroscopy and other techniques. The great value of the spectrograph lies 
in its ability to reveal minute traces of all the elements present. Thus, the two 
methods supplement one another and together form a powerful weapon for 
analysis. 
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CHAPTER 43 


COLOR ANALYSIS 
AND THE 

SPECTROPHOTOMETER 


The fundamental problem of the police laboratory is that of identifying an 
object which is held in evidence as having come from the same source as another 
object which is associated with a suspect. For example: Did the hair found at 
the scene come from the suspect’s head? Were the fibers found at the scene part 
of the clothing of this suspect? Did the paint flakes found at the scene of the 
accident fall from the suspect’s car? In all of these questions the implied problem 
is one of comparison between two similar substances. The comparison is usually 
made by a chemical analysis. Frequently, however, the nature or available 
quantity of the substance is such that identification must be established by 
means of physical properties. Hair and glass are examples of such evidence. Two 
of the most important physical properties have already been discussed, namely, 
specific gravity and refractive index. The present chapter is devoted to a study 
of color, another very important physical property from the point of view of the 
police scientist. Some of the many applications of color to forensic science are the 
following: comparison of paints, cloth, dyes, inks, and papers by means of color; 
identification and tracing of sources of various materials by color analysis. These 
applications will be discussed in gpreater detail at the end of this chapter. 


1. COLOR 

The subject of color was for a long time one of the less well -organized 

branches of physics. This condition was the result of the conflicting interests 

of the contributors to the subject — psychologists, physiologists, artists, and 

physicists. Each profession had its own definitions and laws of color. Systems of 

classifying colors by means of their psychological attributes have long been in 

use. The MunselP'^ and Ostwald^'* systems are the most popular. The three 

attributes or parameters used in the Munsell system are value, hue, and chroma. 

By value is meant the relative brightness of a color in comparison with the gray 

scale, where black has a value of zero and white a value of ten. One of the nine 

intermediate values is assigned to a given color. Hue corresponds to the concept 
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by which a color is described as being red, yellow, green, or blue. In the Munsell 
notation hues are designated by ten symbols, R, I'R, Y, GY, etc. Colors having 
the same value and hue differ in the degree of their difference from gray. This 
quality is called chroma, which corresponds to saturation. By means of these 
three attributes a system of classification of colors was achieved. The system, 
however, is subjective, and is not the best suited to legal purposes. 

There e.xist physical attributes of color which resemble these psychological 
parameters. They are called dominant wave length (corresponding to hue), 
colorimetric purity (chroma), and brightness (value). These physical parameters 
will be defined later. They will not, however, be used as a definition of color. 
The color of a substance will be defined, for our purpose, by the operations 
described below. These operations determine certain physical properties, a 
knowledge of which enables us to reproduce any color. 

2. COLOR PROBLEMS IN THE LABORATORY 

In relation to color the two chief problems of the police laboratory are: 
(a) The matching of colors — is the color of sample .4 the same as the color 
of sample B? (,b) The classification of colors, that is, a ready means of cataloguing 
the colors, say, of ink, paint, or paper so that on the arrival of a new sample in 
evidence at the laboratory- the search for a color match is greatly restricted and 
the problem of locating the likely source is simplified. The solution of both of 
these problems lies in a method of adequately specifying color. 

.\ sound method of color specification must depend upon objective physical 
measurements of optical properties. procedure of matching colors from a 
collection of samples of various colored materials is unsatisfactory because of the 
inconstancy of the color of the sample with time. Moreover, color sense varies 
with the individual and is influenced by other factors, such as the field surround- 
ing the sample and the manner of observation. The color match will vary, too, 
with the quality of the light by which the comparison is made and the angle at 
which the samples are viewed with respect to the sample and the illuminant. A 
method of objectively matching and specifying colors has been achieved by the 

use of the spectrophotometer. 


3. SPECTROPHOTOMETRIC ANALYSIS 

The spectrophotometer is an instrument designed to measure the intensity- 
of the light transmitted or retiected by a substance at various wave lengths. 
Light from a standard source is divided into two beams. The beams are dispersed 
into spectra from which narrow wave length regions can be Uolated. One of the 
l>cams is transmitted or reflected by the sample. A photoelectric cell or a photo- 
graphic plate is used to record the transmitted or reflected beam and the direct 
beam. In this way a wave length by wave length comparison is accomplished. 

The ordinary sample of material with which the police scientist deals re- 
flects light of all' wave lengths. If the relative quantity of light reflected by the 
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Fig. 295. Reflectance curve of an orange 
colored nirface. 


for a number of wave length regions 


sample in the various wave length regions can be determined, the color of the 
material is adequately defined for purposes of comparison. If the reflectance 
values are plotted against wave length, 
the result is a spectral reflectance 
curve such as Fig. 295. In Fig. 296 we 
have the spectral reflectance curve of 
a green paint. For another sample of 
green paint to be considered identi- 
cal with this paint, the reflectance 
curve of the second paint must be 
identical, over the wave length region 
studied, with that of the first paint. 

Thus the favorable comparison of a 
known sample with an unknown 
sample depends upon their having the 
same reflectance curves. The values 

used in plotting the curves of Figs. 295 and 296 are obtained by means of a 
spectrophotometer. The reflectance factor is determined with this instrument 

These values represent an objective 
specification of the color of the ma- 
terial and oan be used as a court ex- 
hibit to establish the identity or dif- 
ference of two colored samples. The 
spectral reflectance curve can be used 
to represent any color. A white sur- 
face which is a perfect reflector would 
be represented by the horizontal line 
corresponding to the ordinate unity, 
A perfectly black surface would be re- 
presented by the axis of the abscissas. 

Spectrophotometric analysis, in 
addition to permitting comparison of 
the color of two samples, may also be 
used to specify objectively the color of 
a single sample. The former situation 
might occur when the paper of an 
anonymous letter is to be compared 
with the stationery of the suspected 
author ; the latter situation would be 
had in a hit-and-run case where some 
paint is chipped o30r the car during 
the accident. The investigator would be able, by means of methods to be 
described later, to classify the color of the paint on the car involved. From 
the paint classification data of automobile manufacturers, the make of car on 
which this type of paint was used could be determined. 



Fig, 296. Reflectance curve of a green paint. 
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4. STANDARD ILLUMINANTS 


Since the quality of the light transmitted or absorbed by a substance varies 
with the illuminant, it is important that a standard illuminant be used. An 

international standard of illumination 
was adopted in 1931 at the meeting 
of the International Commission on 
Illumination.^ This standard source 
of illumination is called the /. C. I. 
Illuminant C. (The abbreviation C. /. E. 
is sometimes used, from the French 
"Commission Internationale de 
TEclairage.”) In its spectral distribu- 
tion of energy, Illuminant C approxi- 
mates average daylight.® The graph 
in Fig. 297 represents the relative 
distribution of energy radiated per 
unit time by /. C. L Illuminant C. If 
the energy value given in this curve 



Fig. 297. Spectral energy distribution of 

/. C. /. Illuminant C. 


at each wave length is multiplied by the reflectance of a material, such as that 
represented by Fig. 296, at the corresponding wave length; the resulting product 
gives the spectral energy distribution in the light reflected by the material. 

It should be noted that other standard illuminants, such as /. C. 7. Illu- 
minants A and B, are also used. Illuminant C is average daylight; Illuminant A 
incandescent light; and Illuminant B is noon sunlight. The choice of illuminant 
is governed by the color of the sample. In specifying color the nature of the 
illuminant must be stated. In the present discussion it will be assumed that 
Illuminant C is being used throughout. 


5. EQUIVALENT STIMULI 

The subject of color classification is closely connected with methods of syn- 
thesizing color stimuli. It is a well-known fact that the sensation produced by 
a given color stimulus can be matched by a combination of controlled amounts 
of three arbitrarily selected primaries.^ These primaries may extend over a 
spectral region, e.g., red, blue, and green; or may be monochromatic, e.g., 460, 
530, and 640 millimicrons respectively. (A millimicron is 10“^ centimeters. This 
unit will be used here instead of the Angstrom because it is used in the con- 
struction of the I. C. I. tables. The abbreviation is m^i.) 

An instrument designed to match color sensations by synthesizing equivalent 
stimuli is called a colorimeter. In this instrument one side of a photometric field is 
illuminated by the sample color. The other half of the field is then illuminated 
by controlled amounts of three primaries untU the original color is exactly 
matched. Instruments var\' wdely in the method used to obtain the combination 
of colors for the match. The results are necessarily subjective, varying with the 
color vision of the observ'er. (Instruments used in chemistry to match the colors 
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solutions by varying the depth of one are not colorimeters, strictly speak - 

a color but merely compare two colors.) 

be chosen fora color match, for purposes 
computation and standardization, a definite set was agreed 


of t%vo 

ing; they do not synthesize 

Although any three primaries^ can 

of convenience in 
upon by the International Com- 
mission on Illumination. These pri- 
maries will be designated by the 
symbols x, J-, z, which are called tri- 
stimulus functions. If one side of the 
field of the colorimeter is illuminated 
by unit quantity of radiant energy of 
the various wave lengths, the color at 
each wave length can be matched by 
adding to the other side of the field 
definite quantities of x, 7 , and In 
Fig, 298 XjJ*, and z are represented 
graphically. The colors x, and 'z 
are not found in nature. They were 
adopted to overcome the difficulty of 
matching purple. In order to match 
purple with a colorimeter it is neces- 
sary to add one of the primaries to 
the side of the field that is being 



Fig. 298. Tristimuliu functions. 


matched. This is equivalent to a negative value of one of the primaries. To 
avoid the use of negative values, a special set of primaries was chosen. Each of 
the three hues possesses a saturation greater than that found in nature, ic is a 
reddish purple, y a green, and z a blue. The values of 5, >, and z required to 
match some of the wave lengths are given in Table 32. 


TABLE 32. Tristimulus Values 



WAVE LENGTH 


IN 




400 

0.0143 

450 

0.3362 

500 

0.0049 

550 

0.4334 

600 

1.0622 

650 

0.2835 

700 

0.0114 


0.0004 

0.0679 

0.0380 

1.7721 

0.3230 

0.2720 

0.9950 

0.0087 

0,6310 

0.0008 

0.1070 

0.0000 

0.0041 

0.0000 


These data were determined by a large number of reliable observers. They 

can be used together with spectrophotometric data to determine for any sample 

the tristimulus values which would have been obtained had the experiment been 

performed with a colorimeter by this group of observers. The desired objectivity 
is thus achieved. 

To designate the amount of the three primaries required to match the color 
of an ink, paint, or paper, the symbols X, Y, and are used. The symbols x, y, 
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and z are restricted to spectrum colors; i.e., they arc the X, and ^ of sp<;ctruin 
colors. For a given color it is possible to assign for each unit millumcron of 
energy a coefficient for x, J, and By integrating these values we obtain the 
numbers A', and Z- We shall see how this integration is accomplished later. 

Before leaving the subject of the selection of primaries, it should be men* 
tioned that the primaries are so chosen that the y function corresponds to the 
visibility function illustrated in Fig. 116. The y value is, consequently, a measure 
of the brightness of the sample. Thus, if two colors can be represented by 

X = 50, r = 40, Z = 60, and X' = 25, T = 20, Z' = 30, respectively, the 

fact that the value of T is twice that of T indicates that the first sample is twice 
as bright as the second. The quality or chromaticity (explained lat^) of the 
two colors is the same; they differ only in brightness. The visibility ory function 
gives the relative brightness of any color, perfect white having a value of 100 
and perfect black a value of 0. Thus our first color above has a brightness rela- 
tive to the white standard of 40 per cent. 


6- TRICHROMATIC COEFFICIENTS 

In order to conveniently specify colors, it is desirable to represent them 
graphically. To represent the tristimulus values X, T, and Z graphically would 
require a three-dimensional graph. The use of certain ratios, however, enables 
us to represent a ccJor in two dimensions with cartesian coordinates. The co- 
ordinates are called trichromatic coefficients and are defined as follows . 


03 


03 


07 


0.6 


520 


530 


510 


540 


550 


560 


500 


570 


X 

"" ~ x+r + z 

r 

^ ~ x+r + z 

^ x+r + Z 


z = 


\ We have only two independent 

. A ^^'^eoo variables, since x-\-y~\- Z = 1 • Hence 

\ X veto only two of the ratios, viz., x andjr, 

I VC ^620 ^ 

i V need be plotted. These two quantities 

\ are said to specify the cArOTJMtiat, of a 

' ’ \ sample. They give no indication of 

i - the luminosity or brightness of the 

47o\4oo„^^ .... color. We have, however, seen that 
*0 o.'i 0^ 03 04 M 06 07“ ^alue of JT indicates the br^hmess 

» m I I of a color. By giving the values of T, x, 

* andj' we can completely specify acolor. 

If the values given by the I. C. I. table (see Table 32) are used to evaluate 

. / ^ V = for the spectrum colors, the so- 

x+^ + z’-^ x+j> + z/ 

- J as illustrated in Fie. 299. This graph is caUed a 
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Fig. 299. The color triangle. 



631 


COLOR ANALYSIS AND THE SPECTROPHOTOMETER 

chromaticity diagram. All the spectrum colors lie on the solid line or indicated 
triangle. All other colors lie within the triangle. To locate 550 m/z, for example, 
we have merely to compute x ^.ndy using the values given in Table 32. Thus 


^ X y z 


0.4334 

0.4*334 + 0.9950 + 0.0087 


= 0.302 



y 

X +y + z 


0-9950 

0.4334 + 0.9950 + 0.0087 


0.692 


The point x = 0.302 and = 0.692 locates the spectrum color 550 m;x in the 
chromaticity diagram. 

It should be noted that the color corresponding to Illuminant C lies at the 
center of the triangle. The primaries were chosen with this in view. 


7. THE CHROMATICITY DIAGRAM 

Several properties of the chromaticity diagram are of particular interest to 
us. We have seen that the value of T indicates the brightness of a color. The 
other physical parameters, namely, dominant wave length and purity, can be 
deduced from the chromaticity diagram. 


Additive Mixtures 


If the point Y corresponding to a yellow color in Fig. 300 is connected with 
the point G corresponding to a green color, the line joining these points is the 


locus of all colors obtained by mixing 
T and G in different proportions. It 
follows from this that all real colors 
lie within the triangle, since all lines 
connecting spectrum colors lie within 
the triangle and all colors can be 
considered as mixtures of the spec- 
trum colors. 

Dominant Wave Length 

If the point T is connected with 
the point C and the line extended to 
the triangle representing spectrum 
colors, then the intersection of this 
line with the triangle gives the domi- 
nant wave length. From what has 
been said above concerning additive 
mixtures, it may be seen that any 
color can be considered as a mixture 



X VALUES 


Fig. 300. Combiiiing colors. 


of white light {Illuminant C in this example) and a spectrum color, i.e., mono- 
chromatic light of a certain wave length — the dominant wave length. 
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Purity 

The “pure” colors lie on the spectrum color triangle. Colors of lesser purity 
lie within the triangle. The purity of a color is determined by its position on the 
line joining the spectrum color and the illuminant point, C. If, for example, a 
point is halfway between the spectrum color and C, its purity is 50 per cent. 
In Fig. 299 the distance of point T from point C is 60 per cent of the distance 
from point C to the spectrum color locus; hence its purity is 60 per cent. 

8. COMPUTING TRICHROMATIC COEFFICIENTS FROM 
SPECTROPHOTOMETRIC DATA 

We are now prepared to specify a color (i.e., to give the values of T, jc, and 
by means of spectrophotometric data. The data given by the spectrophotometer 
are represented in Fig. 295. Here we have i?, the reflectance, of a sample for 
each wave length. In Fig. 297 the energy distribution, £, of the source by which 
the sample is illuminated is given as a function of the wave length. The amount 
(AT, T, or ^ of each primary (x, y, or z) required for a color match is then 
given by 


Jii 

r 


^X^xCx^ 

The following explanation may further clarify these relations. is the 
amount of radiant energy of wave length X impinging on the sample from the 
illuminant. is the relative amount of energy, expressed as a fraction, reflected 
by the sample at wave length X. Therefore, EyR^ is the amount of energy re- 
flected by the sample at wave length X. The quantity Xy is the amount of the 
first primary required to match unit amount of radiant energy of wave length X. 
Therefore EyRyXy is the amount of the first primary required in matching the 
radiant energy reflected by the sample at wave length X. This, by defimtion, is 
A\, The fimction Xy is thus calculated for all wave lengths (in practice, a 
selected number) and the sum computed. The result is the tristimulus value X 

The same procedure is followed for T and 

Since the integrand is not a simple function, the integral must be computed 

by finite sums between definite wave lengths, viz., 

780 

A = 2 ERid\ 

:i80 

r = 2 ERydK 

,380 

780 

^ = ^ERldX 

380 


The methods by which these summations arc made are 


Hardv 


s 
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Having computed A, 2 , and we can evaluate x and The color is then 
specified by T, x and j. 

9. COLOR MEASUREMENT 

Although the present discussion consistently emphasizes the superiority of 
the spectrophotometer for forensic purposes, it should not be inferred that the 
other methods of color analysis are unreliable. There are many satisfactory 
techniques of color measurement in practical use today. It is worthwhile to 
describe some of these briefly since many police laboratories will be restricted to 
the use of one of the less costly instruments. 

For our purposes we shall be concerned mainly with those instruments which 
will give us a specification of color in the I. C. I. system. Since the instruments 
which measure color by reflection will also measure color by transmission, we 
need discuss only reflection here. It should also be noted that in some of the 
instruments the observer can be replaced by a photoelectric device. 

Following Mellon*^ we may classify color-measuring apparatus as follows: 
comparators, stimulimeters, and absorptometers. 

Color Comparators 

These instruments are used in chemical analyses to determine the amount 
of a constituent present in a solution. They do not measure color as color, but 
simply enable the obserx^er to compare the relative intensity of light transmitted 
through two tubes, one a standard and the other containing an unknown amount 
of the constituent. Beer’s law (Chap. 13) is applied in the computations. The 
Duboscq comparator is the most widely used of instruments of this type. 

Color Stimulimeters 

These are the instruments which are known as colorimeters to the physicist. 
Effectively, they enable the observer to match a given color stimulus by adding 
or subtracting controlled amounts of selected stimuli. The various methods of 
accomplishing this are employed in the instruments described below. 

(a) ADDITIVE TRICHROMATIC COLORIMETERS 

These instruments are based on the principle that any color can be matched 
by an appropriate mixture of three stimuli. One-half of a photometric field is 
illuminated by light reflected from the sample. The other half is illuminated by 
controlled amounts of three stimuli T, R, and C the specifications of which are 
known in the I. C. I. system. The observer adjusts the amount of A, fl, and C 
until a match is achieved. The accuracy of the match depends to some extent 
upon the observer. There are many types of this instrument in use today. The 
Wright^^ and Donaldson^- are txx^o of the better known instruments. Figure 301 
illustrates the essential parts of such a colorimeter. 
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(b) MOXOCHROMATIC COLORIMETERS 

It was stated above that any color can be matched by a combination of 

white light and a spectrum color. This fact has provided the basis of another 

type of colorimeter in which one -half of the photometric field is illuminated 

by a mixture of white light of known specification and light of some known 

spectrum color. The method is not considered as reliable as the trichromatic 
method. 


(c) SUBTRACTIVE COLORIMETERS 


SAMPLE reason 


COMBINING DEVICE 


PRISM 


OBSERVER 

Fi^. 301. niustradng the principle of the 
additive trichromatic colorimeter. 


Another method of matching a color is that of subtracting other colors from 
white light by means of filters. A three-variable system of filters is used as in 

UGHT SOURCE additive colorimetry and for the same 

^ ^S AMPLE reason — the nature of the visual 

f VAy \ mechanism as it is known at present, 

jjj Chapter 39 the manner in w'hich 

j the color of light can be controlled 

J * \ by the use of a filter is described. 

I ^ In the matching of colors by the 

subtractive method, three filters are 

\ ^ j 

^ ^ T I superimposed. Each filter absorbs a 

LJ certain fraction of each wave length 

^\l of the incident light. By subtracting 

OBSERVER ^ manner from the intensity of 

Fig. 301. niustrating the principle of the the white light in selected spectrum 

additive trichromatic colorimeter. regions, the Spectral distribution of 

the transmitted light can be made to approximate that of a given color. 

The filters used in this process are blue-green, magenta, and yellow. These 
correspond to the red, green, and blue filters of additive colorimetry, the blue- 
green controlling the transmission of red, the magenta controlling green, and 
the yellow controlling blue. These colors are chosen because of the wide range 
of colors which they provide. 

The Lovibond Tintometer is a subtractive type colorimeter which has been 
used by many handwriting experts in comparison of inks.^^’ Figure 223 is an 
illustration of the Bausch and Lomb instrument, in the design of which Albert S. 
Osborn collaborated. The filters used in this tintometer are glass slides, approxi- 
mately blue, yellow', and red in color. A series of slides of each color is provided, 
varying in saturation. The ink specimen is placed before one chamber of the 
instrument. The slides are inserted in the other chamber under which is placed 
a w'hite surface. By means of prisms the unages may then be viewed through 
the ocular in one field. 

When a proper choice of slides has succeeded in matching the color of the 
material under examination, the number of each slide is recorded. The slides of 
a given scries are so numbered that a slide of a certain number is equal in effect 
a set of slides the sum of w hose numbers equals the number of the single slide. 
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In addition, the numbering is such that, if the same number slide is selected from 
each series, the three when viewed against a white background will yield a gray. 

There are several disadvantages in the use of the Lovibond Tintometer. 
First, there is the defect common to all subtractive colorimeters lack of con- 
trol over the absorption. Each filter will affect only the radiation which is pre- 
sented to it by the preceding filter. Thus, the filters do not possess independent 
control. In addition there is no continuity in a series — the observer must go 
from one filter to the next in the series. Hence the accuracy of a match is limited 
even though a large number of slides is available. The Tintometer suffers also 
from the defects of all visual colorimeters. A fairly standard observer must be 
postulated for reproducible results. 

A modification of this instrument permits the conversion of the Tintometer 
readings into trichromatic coefficients. Thus it is possible by means of this 
instrument to specify a color in the I. C. I. system.**’ Dominant wave length, 
colorimetric purity, and brightness can, of course, also be determined. 

(d) COLOR ATLAS 

In selecting a color for household use the ordinary painter’s card of color 
chips is consulted. Similarly, many industries use a catalogue of color patterns 
for matching. These catalogues, however, cannot be employed for general use 
since, for example, the colors of cloth and of paint are not exactly comparable 
because of the different nature of the surfaces. 

Color atlases are available which can be used for various purposes. Among 
these are the Munsell Book of Color^ the Dictionary of Color Standards^ the Osiwald 
Colour Alburn^ Code Universal des Coleurs^ Baumann^s neue Farbentonkarte, and the 
samples of the Textile Color Card Association. 

Since there are more than ten million distinguishable colors, an atlas of this 
type is by no means comprehensive. Another disadvantage is the inevitable 
fading or discoloring of the patterns with age and use. 


Color Absorpto 


II 


eters 


These instruments measure the light transmitted or reflected by an object 
at various wave length regions. An absorptometer consists essentially of a 
dispersing system; a means for permitting the light to travel by two paths, one 
of which includes the object being measured; and a device for measuring the 
intensity of the light transmitted. This last objective can be achieved by visual 
examination, photoelectric measurement, or photographically, the method 
varying with the instrument. The laws of Bouguer and Beer are applied in the 
interpretation of the measurements. By plotting the values of transmittance or 
reflectance obtained with the instrument against wave length, a characteristic 
curve can be obtained for the substance under analvsis. 

We may classify these instruments according to the means by which the light 
is restricted to definite wave length regions. The filter photometer accomplishes 
this by means of filters. A spectrophotometer employs a monochromator, thus 
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permitting the operator to restrict the light to narrow spectral bands. There are 
many types of spectrophotometers available commercially. Two of the more 



Fig. 302. Schematic diagram of the Beckman spectrophotometer. 


important instruments are described below. Both of these measure reflectance 
as well as transmittance. 

In Fig, 302 the Beckman spectrophotometer is shown schematically. Light 
from the source L is focused on the entrance slit S bv means of a concave mirror A 

w 

and a plane mirror B, A collimating mirror M reflects parallel light to the 
quartz prism P where it is dispersed and reflected back to the mirror, which in 



turn focuses it on the slit. 5 is a double slit; the light enters through the lower 
slit and emerges through the upper. The emergent beam passes through the 
absorption cell X into the photocell C. The prism is rotated to change wave 
length. 
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The Beckman instrurncni lia- - i :i ivantaGjcs in respect to ran^e and 
monochromatization. It is calihrai* d iv-.m 2^0 to 2000 m^- Measurcnienis can 

be made from 200 to beyond 1 loo n.^-. i 
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Fig, 304. The Hardy spectrophotometer. (Courtesy, General Electric 
Company. ) 


— one red-sensitive and the other blue-sensitive. The spectral band width can 
be made as narrow as 2 m^i or less depending upon the wave lent^ih used. 

A more complicated instrument, but one which considerably shortens the 
operation time, is the Hardy spectrophotometer or color analyzer which is 
manufactured by the General Electric Company. This is an automatically 
recording spectrophotometer which employs the null method, i.e., a balance is 
abtained between intensities of beams traversing a path including the unknown 
and including the standard. Figure 303 is a schematic diagram of the instrument . 
Because of its complexity, an adequate description of the instrument would be 
too long to be included here. The Hardy spectrophotometer is limited simplv 
to the visible and near infra-red remon, 400 to 1000 m/i. The minimum spectral 
band width is 10 m/x- In these respects it differs from the Beckman instrument. 
Fhe great rapiditv* of the Hardy instrument, however, its automatic recording 
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feature, and the relative ease with which reflectance and traii'iinission mea^iurr- 
inents can be made are impurtaiu ad\ anidttc> in liie field uf criminaii>ucs. 

10. SUMMARY 

The aims of the police scientist in color analysis are (a ) to compare colors and 
(b) to classify colors. Both of these aims are to lx* accoin[)lished preferably l>\ 
objective methods. Colorimeters are not the lx*st answer Ix'cause of their liabiliiv 
to variation of results with the color sense of the obserx er and with other factors 
The spectrophotometer solves both problems in an objective way. The com- 
parison of colors is achieved by comparing the reflectance (or transmission) 
curves of the two samples. Classification of colors is achieved by means of the 
reflectance curve of the sample, the energx' distribution curve of the standard 
light source, and the I. C. I. tristimulus values. These functions yield the tri- 
chromatic coefficients by means of which the color is definitely lalxled. The 
1. C- 1. iristimulus values were determined colorimetrically by a large group of 
qualified obserx’ers. Thus they too may be considered as objective. Hence, the 
police scientist can classify colors by means of the spectrophotometer alone and 
does not require the use of the colorimeter. 

11. APPUCATION OF THE SPECTROPHOTOMETER 
TO CRIMINALISTICS 

Comparison of Colors 

When it is required to compare the colors of two cloths, for example, the 
operator has simply to determine the reflectance curv'es of the two samples to 
establish the identity or difference. Enlarged photographs of these curxes can 
be used as exhibits in court. A simplified explanation to the magistrates and 
jury will enable them to understand the forensic value of these curx'es. In many 
cases where experts have testified, statements on the color of objects in evidence 
have been made purely on the bcisis of visual comparison. The objection of an 
informed opposing counselor can readily show the weakness of such testimony. 
Objections can be made also to testimony based on comparisons made with the 
colorimeter because of its subjective aspect. The spectrophotomctric data, on 
the other hand, are much more reliable because of their greater claim to 

objectivity. 

Classification of Colors 

The ability to specify colors by means of spectrophotomctric data offers 
many opportunities to the police laboratory in the way of tracing submitted 
samples. It is expected that in the near future the wider use of the spectro- 
phcjtometer in industry- will lead to the common practice of color classification 
on the basis of I. C. I. data. Although industry- is interested in color specification 
files mainly from the point of view- of reproducibility, nevertheless such files will 
also serx^e the purpose of the criminalistician. For example, paints and dy^es used 
in the various industries will be classified in this manner. When a colored sample 
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is submitted to the laboratory its color specifications can be determined spcctro- 
photometricallv\ The industrial source of the sample can then be located by 
submitting the spectrophotoir.etric data with a request that the manufacturer 
check his files for a paint or dye of these color specifications. In this way some 

part of the history of the material can be learned. 

The following are some of the possible applications to specific materials: 


Paints 

An outstanding example of the use of paint as a clue is in an automobile 
accident. In an automobile collision flakes of paint are frequently shaken loose 
or are left adhering to some part of a second vehicle. By spectrophotometric data 
a comparison is possible between the paint found at the scene and the paint 
of a suspected car. If no suspected car is found, a trace can be made by means 
of the color specifications of the paint. The search can be made either by means 
of the files of automobile manufacturers or by means of files maintained at the 
labo^ator>^ Because the present tendency among manufacturers is to use a 
standard type of headlamp, the sealed beam type, the identification of glass 
fragments in auto accidents becomes increasingly difficult. This fact enhances 
the importance of paint as a means of identification. 

Inks 

The difficulties of a comparison by chemical analysis of inks of the same type 
used in wTiting a questioned document have been discussed in Chapter 34. 
Since the chemical properties are so difficult to determine, color, being the only 
determinable physical property, becomes of immense value in comparing or 
tracing an ink. A scientific police laboratory should endeavor to maintain a 
complete collection of inks together with their reflectance curv'es and color 
specifications. 

Bailey and Caisey^® have investigated the changes which take place in ink 
marks on paper due to age. By means of spectrophotometric data they were able 
to show that washable inks remain practically the same in color over a period 
of several weeks. Permanent inks, howe\ er, vary considerably in their color 
changes. Some remain unchanged over this period after achieving their maxi- 
mum contrast lightness in the first hour. Others reveal changes which vary from 
the slight to the profound. The change takes place chiefly in brightness (T). The 
dominant wave lengtn remains fairly constant, but there is a general darkening 
with the passage of time. 

Paper'®’ 

The spectrophotometer suggests another approach to the problem of com- 
paring papers and determining their age. Papers which appear equally white 
to the eye may possess different reflectance curves. Moreover, color specification 
pro\ndes an additional means of tracing colored stationery in document cases. 
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Using a Hammcrmill Ledger paper the following color characteristics were 
determined : 

X = 0,311; y = 0.319; T = 71.6 per cent; 

dominant wave length = 564 m^; purity =1.0 per cent, 

Dyes 

Color analysis of dyes can be made by means of the absorption spectrograph 
or the spectrophotometer. In spectrophotometry the transmission of the dye is 
measured as a function of its wave length. Two samples can be compared by 
means of these transmission curves. One particularly useful application of the 
color data of a dye is identification of detective dyes which are used to entrap 
thieves (Chap. 28). 

aoth 

An additional means of comparing two samples of cloth is offered by a color 
compeirison. It may also be possible to trace the origin of a sample by means of 
its color specifications. 

Fibers and Hair 

Fibers or hair found, for example, on a susp>ected vehicle in a hit-and-run 
case usually offer evidence of vital importance. Chemical analysis is frequently 
impossible in such cases because of the nature and quantity of the substance. A 
color comparison would give valuable information supplementing that obtained 
with the microscope. A difficulty in such a comparison by means of the spectro- 
photometer arises because of the small surface area of the sample. At present 
this difficulty has not been surmounted. 

Lipstick and Rouge 

In many crimes of violence in which a woman is involved lipstick or rouge is 
rubbed from the woman’s face and adheres to some part of the assailant’s 
clothing or person. Sometimes a handkerchief or cigarette is found at the scene 
of the crime which bears the marks of a lipstick. The identification of a lipstick 
is a difficult problem. Spectrographic analysis will restrict the number of possible 
sources, but in general will not be conclusive. A color analysis is an invaluable 
supplement to the data of the spectrograph. Although the compositions of lip- 
sticks may be similar, the colors are usually distinct, either because of the use of a 
different dye or of different proportions of ingredients. 

Gasoline 

In Chapter 28 the problem of gasoline thefts was discussed. A method oi 
detection suggested there involved use of fluorescent substances. An additionaJ 
technique for identifying the gasoline by fluorescence is the use of spectro- 
ohotometric analysis. The complete color picture provides a convincing proof 
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Quantitative Microanalysis 

By measuring changes in spectral reflectance corresponding to changes in 
color of a solid highly reactive chemical reagent in the form of an opaque-type 
surface coating, it is) possible to make 
quantitative microanalyses of sub- F 

stances such as carbon monoxide. 

Sendroy and Granville" have made 6oj- \ z-v 

iise of the color reaction of palla- y-y y \J \ 

dium chloride with carbon monoxide ^ I / 1 / 

(Chap. 30) to make quantitative de- z 

terminations of the latter in air. By | V l\ I \ 

this method it was possible to measure | ^ f 1 / vJ \ 

carbon monoxide to within ±0.0002 2 I I 

per cent in the lower range (0 to 0.01 1 30L I | 

per cent) and to within ±0.002 per " 1 1 

cent in the upper range (0 to 0.1 | I 

per cent) - 11/ 

Narcotics 10 j- 

Absorption spectrophotometry 

nrovides another method of dealing ol ' ' ' ' •— 

^ . f .• f 5000 7000 5000 11.000 13/XX) 

with the analysis of narcotics, r igure vvave length (milumicrons) 

305 shows absorption curves obtained „ . . , . 

j\jj Traiumusion curve ihowing 

for samples of two related alkaloids. difference between two related nar- 
The inlira-red region is found to be cotici. 
most useful for a sample of this nature. 
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20 
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WAVE LENGTH (MILUMICRONS) 

Fig. 305. Transmitsion curve showing 
difference between two related nar- 
cotics. 


Miscellaneous 

A comparison of organic liquids can be greatly simplified by means of absorp- 
tion spectrophotometry. The Beckman instrument is especially useful in detect- 
ing impurities in such liquids because of its high sensitivity in the ultraviolet 
region. The impurities will frequently contribute the conclusive evidence of the 
origin of a suspected sample. 
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CHAPTER 44 


THE ELECTRON 
MICROSCOPE 


A development in science which offers a new method of idcntifyinej or 
analyzing substances always suggests an opportunity for the criminalistician. 
One of the most remarkable of recent developments of this nature has been the 
development of a practicable electron microscope. An entirely new microscopic 
world is being revealed through this instrument. The limit of useful magnification 
by means of the light microscope had been reached at approximately 2000X. 
The electron microscope, however, has been found capable of giving direct 
magnifications of from SOX to 20,000X. Useful magnification of 100,000X is 
possible with this instrument without employment of elaborate techniques. The 
limitations of magnification by the electron microscope have not yet been 

defined. 

Naturally, this instrument has become a tool of great value to the sciences 
of physics, chemistry, and biology. The subdivisions of these sciences medi- 
cine, bacteriology, synthetics, metallurgy, ceramics, plastics, and mineralogy 
will no doubt be considerably advanced when the data of this submicroscopic 
world are interpreted. Criminalistics, which is a parasite of all these sciences, 
will enjoy comparable progress. It is for this reason that a short description of 
the electron microscope is included in this work. The applications of this instru- 
ment to the work of the police laboratory will be discussed at the end of this 

chapter, 


L LIMITATIONS OF THE UGHT MICROSCOPE 

The resolving power /? of a microscope can be expressed by the following 
equation which is similar to equation (7) of Chapter 38; 




2 n sin 0 ’ 



where X is the wave length of the light used, jVA. = n sin d, numerical aperture, 
n is the refractive index, and 6 is the limiting angle of rays entering the lens. 
From this equation we see that resolution can be improved by increasing the 
W.i4., i.e., by increasing n or 0, or by decreasing X, the wave length of the light, 

643 
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By increasing n and d, the oil immersion objective achieves a resolution of 0.26 
If we place the maximum value of N.A. with oil immersion objectives at 1.5, 
equation (1) is reduced to 



Resolution now is expressed as a function of wave length alone. If we use 
visible light of wave length 6000 A, the limit will be 2000 A or 0.2 fx. By using the 
shorter wave lengths of the ultraviolet, 3000 A, the smallest resolvable distance is 
reduced to 1000 A or 0.1 m- This, then, is the limit of resolution for the light 
microscope. If a means of employing radiations of shorter wave lengths is avail- 
able, resolution can still be improved. It is precisely this which the electron 
microscope accomplishes — an increase in resolution by the use of radiations 
of extremely short wave lengths (in the region of 1 0“* cm) . 


2. THE ELECTRON WAVE 


When a voltage is applied between a cathode and an anode in an evacuated 
tube, a stream of electrons is accelerated from the negative to the positive 
electrode. An opaque obstacle placed in the path will cast a shadow. The stream 
can be deflected by bringing a magnet close to the tube. An electrostatic field 


will also affect the stream. 

This similarity between the phenomena exhibited by the electron radiation 
and light radiation led to the theory that these radiations were of the same 
nature. In the physical analogy, electrons exhibit the phenomena of interference 
and diffraction. To produce the refraction of electrons similar to that of light 


in glass, a nonmaterial lens consisting of an electrical or magnetic field of force 
is used. On passing through such a lens, electrons can be deflected and focused- 
SnelBs law is found applicable. The velocity v of an electron discharge is propor- 
tional to V T, where V is the \^oltage applied bettveen the cathode and anode. 
Since the refractive index n is proportional to velocity of light waves, it is 
logical to compare vTwith n. Using VUas the refractive index for electrons 

it is found that Snell’s law is obeyed. 

Since the laws of refraction obtain, it would be expected that the laws of 
geometrical optics are true for electrons. It is found that the relation among focal 
length, magnetic field strength, and electron velocity fits the equation for the 

optical analogues of these terms. 


3. THE ELECTRON LENS 

The equation of light optics 

q F 

where p is the object distance, q the image distance, and F the focal length holds 
also for electron optics. In Fig. 306 the ordinary light lens is compared wtth a 
macnetic lens. The magnetic lens consists essentially of a solenoid encased in 
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soft iron. The magnification is equal to q/p and can be controlled by varying p 
as in light optics. The more common method of controlling magnification, 
however, is that of changing the focal length. The focal length of the magnetic 
lens depends upon the intensity of the current flowing through the windings of 
the solenoid. Changing the intensity of the current may also be used as a means 



Fig. 306. Comparison between light and electron lenses. 


of focusing the image. Fluctuations of this current must be kept at a minimum. 
The focal length of the lens depends also on the velocity of the electrons imping- 
ing on the object. Since this velocity is a function of the accelerating potential 
between the cathode and anode, the voltage must also be kept constant. 

As with light lenses, the paraxial rays entering the electron lens suffer less 
aberration than the outside rays. Only a very smzill aperture can be used with 
the electron lens. Consequently sin 6 of equation (1) is quite small. Limitations 
on voltage also result in a small refractive index. Thus n sin d, the numerical 
aperture, has a considerably smaller value than that of light microscopes. In the 
light microscope this condition works against improved resolving power. How- 


ever, the much smaller wave length used in the electron microscope more than 
compensates for this failing and results finally in a far greater resolving power. 
The numerical aperture is limiting only under theoretical conditions. This is 
because electrons entering the specimen are deflected or scattered in passing 
through it, and as a consequence the final image is the pattern of these focused 


electrons. The numerical aperture would be important if we were able to operate 
close to the diffraction effects of the wave length used. For example, a 60,000 
volt electron has a wave length of 0.05 A, but we do not obtain results near this 
in resolution. A resolution of 20 A is considered quite good. In fact, recent work 
has shown certain types of specimens to give better resolution than others because 
of the variation of scattering power with density. 
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Another g;reat advantage of the electron microscope is its extraordinary 
depth of held. In Chapter 38 the follow ing equation for depth of field d was given 
for the light microscope: 

(y.A.y 

Depth of field here varies inversely as the square of the numerical aperture, 
when the numerical aperture is small. Hence, although the shorter wave length, 
say X = 52 X 10“’ A, works against increased depth of field; the fact that the 
X.A. is so small and enters in the second pow'er results in a great increase in the 
depth of field. The following comparison between the two types of microscopes 
will illustrate these points: 




TABLE 

33 



INSTRUMENT 

N. A. 

FOC.AL 

LENGTH 

mm 

USEFUL 

M-AGNIFICATION 

DEPTH OP 

FIELD 

A 

RESOLU- 

TION 

A 

Research microscope 

0.95 

4 

800 

80 

2,600 

Oil immersion objective 

1.38 

3 

1,400 

60 

1,500 

Electron microscope 

<0.002 

4 

50 ,000 

>10,000 

4 


Because of this increased depth of field in electron microscopy, stereograms 
are quite practicable. With the light microscope, stereoscopic photomicrographs 
are of value only at low magnifications where the depth of field is such that a 
change in stereoscopic sdewang angle wall reveal additional detail. At high 
magnifications the depth of field of the light microscope, particularly when it is 
used photographically, is so small that stereograms are worthless. Photomicro- 
stereograms with the electron microscope are made by tilting the microscope 

between exposures. 

4. THE ELECTROSTATIC ELECTRON MICROSCOPE 

The design of this instrument is such that the subject being studied is the 
emitting catliode. This microscope is especially useful for the study of meta 
surfaces. The necessity^ for etching and the possible loss of fine detail is avoided 
The cry'Stalline structure can be studied at various temperatures. Fine filament: 

can be photographed so that the die marks are visible. 

The electrostatic electron microscope is comparable to the simple micro 
scope or hand magnifier in that it possesses only one lens. Figure 307 is a sche 
made diagram of this instrument, comparing it with the light lens. A cathodt 
emits a stream of electrons through the apertures of a grid and an anode, produc 
ing an image on a plate. The grid is simUar to that of a three -electrode tube 
The focal length (and magnification) of the instrument depend upon the raw 

of the grid potential to the anode potential. 

5. THE MAGNETIC ELECTRON MICROSCOPE 

This instrument (Fig. 308) corresponds to the compound microscoi^ use( 
with lisht waves. The magnetic type is at present in wider use than the electro 
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static type. Like the light microscope it produces an image of an object by 
passing radiations through a thin transparent layer. The parts of this micro- 




Fig. 307. Focusing action of (a) the electrostatic lens and (b) a light 
lens. 

scope are analogous to those of the light microscope. Three lenses are used : a 
condenser, objective, and projector lens. All of these are magnetic lenses of the 
type illustrated in Fig. 306, i.e., solenoids mounted coaxially with the instru- 



^OS. Electron microscope-Console model. (Courtesy, Radio Corporation of America.) 
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ment. In Fig. 309 the magnetic electron microscope and the light microscope 
are compared. An electron source such as a cold cathode or hot filament directs 
a stream of electrons past the anode and through the condenser lens, which 
converges the stream into a narrow beam directed at the object. The electrons 
scattered from the object are focused by the objective lens to a magnified image 
in the focal plane of the projector lens, which in turn forms another magnified 
image on the fluorescent screen or photographic plate. 



Fig. 309. Comparison between the light and the electron microscope. 

The image formed by the objective lens is at a magnification of about lOOX. 
This magnification is of the same order as that produced by the light microscope. 
The resolving power, however, of the electron microscope is such that a far 
greater subsequent magnification by the projector lens is justified. A magnifica- 
tion of 200X by the projector lens can be used as compared with 20X with the 
eyepiece of the light microscope. A useful magnification of 20,000X is thus 
achieved, which can subsequently be enlarged photographically several times. 
Magnifications between 4000 and 10,000X have been found most practical from 
the standpoint of exposure time, image brightness for focusing, and size of field. 

The average electron microscope has sufficient intensity of beam so that any 
magnification is intense enough to produce exposures of reasonable times. In the 
latest type instruments, with optical focusing magnifiers, even image brightness 
is sufficient at most magnifications. The most important factors are. first, suffi 
cient magnification to see what is being focused, and second, to make the 
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ma^^nification as low as practical in order to include as much information as 
possible in the field. The field is usually fixed by size of the image screen or 
photographic plate, and as a consequence the operator should use barely enough 
mao'nification to see what he is trying to focus, and no more, so as to record 
maximum information on the plate. 



Fig. 310. Electron microscope-Universal model. (Courtesy, Radio 
Corporation of America.) 


6. DIFFICULTIES IN THE USE OF THE ELECTRON 
MICROSCOPE 

(a) Interpretation. The interpretation of electron photomicrographs presents 
many difficulties. One of these is the smallness of the field, the great magnifica- 
tion, and the resulting isolation of an object from recognizable surroundings. In 
achieving the tremendous magnifications of the electron microscope, the opera- 
tor is brought into an entirely new microscopic world. This difficulty can be 
met through bridging the gap between the light and the electron microscope 
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by lowering the magnification of the latter. It is possible to use the electron 
microscope at a magnification of less than SOX. This magnification can be 
produced by the light microscope and the two images can be compared. The 
operator can then reach higher magnifications in graduated steps which will 
always present him with familiar territory. The low-er magnification of the elec- 
tron microscope has been gradually reduced so that direct comparisons can be 
made electronically and optically, and the results interpreted accordingly. The 
e.xtreme depth of field of the electron microscope often assists in better inter- 
pretation of light-optical results at these lower magnifications. 

Another difficulty arises from the difference in the two types of radiation 
used. This results in a different appearance of the electron image. The lack of 
color in the electron image deprives the microscopist of another valuable aid 

in his work. 

^b) Operation. The various parts of the electron microscope require constant 
care because of the fouling of various surfaces. An excellent vacuum must be 
constantly maintained in the instrument, since air impedes the passage of 
electrons. N'ariations in voltage and current must be kept at a minimum because 
of their great influence on focal length and focusing. 


7. APPLICATIONS TO CRIMINALISTICS 

The possibilities of the electron microscope in criminalistics are, at present, 
indicated by the research which is being conducted in industry, medicine, and 
biologx. As the literature of this microscope develops, applications to the 
laboratory investigator's work will no doubt continually increase. Two genera 
applications are possible: first, as an additional tool in the identification of 2 
substance, chemically and physically, particularly where particle size, shape 
and distribution arc important; second, as a means of determining under cer 
tain conditions the age of certain substances by minute changes in their struc 
tore. One of the chief problems of the police laboratory is the chemical analyst 
of minute quantities of matter which are submitted as evidence. The major too 
fur this work is the spectrograph; however, as we have seen, certain substances 
.such as organic material, cannot be analyzed by the spectrograph. X-ray dif 
fraction supplements the spectrographic analysis of crystalline substances 

rcvi'aling differences not indicated spectrographicalh - 

riu- electron microscope is particularly helpful in relation to substances th 
-m ilvsis of which ordinarily depends upon a visual, microscopic examinatior 
I hus, anv study of material which can be furthered by increased resolutio 
should be considered as a possible opportunity for the use of the electro 

inicroNCopr. • i 

We may group subjects for electron micro.scopy into the following class« 
(1) sections cut from tissues and other materials; (2) ultrathin replicas of 
faces of tiuck objects; and (3) suspensions of small cellular elements an 

of t, articles of colloidal and macromolecular dimensions. 

1 he following are a few applications of this instrument in the police lab 


ortiinrv: 
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(a) Metallurgy. In some cases a small fragment of metal is found at the 
scene of the crime. If it is desired to compare this specimen with another speci- 
men which is found in the possession of or which can be associated with the 
suspect, a spectrographic analysis can be made to determine the composition. 
However, where the number of trace elements are few and not unusual the 



Fig. 311. Etched aluminum — 14, 800X. (Courtesy, Dow Chemical 
Company.) 


possibility exists that the specimens may not have come from the same source. A 
minute difference in crystal structure may or may not exist. An electron photo- 
micrograph can be conclusive evidence here (Fig. 311). 

In some cases of suspected sabotage such as the weakening and subsequent 
breaking of a vital metal part of a machine, a knowledge of the crystal structure 
is of vital importance. Crystal structure varies, too, in different layers of metal. 
The elimination of the necessity for etching makes the electron microscope a 
very powerful tool in these cases. 

To show that two pieces of filament were cut from the same length of wire, 
an electron photomicrograph showing the marks of the die used on the wire 
offers strong additional evidence. 

(b) Dust. In associating a suspect with the scene of a crime, discovery of 
characteristic dust or fragmentary particles is frequently of great importance. 
Face powder, mine dust, pollen, and many other minute traces can be left at or 
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borne from the scene of a crime by the criminal. The presence of similar material 
on the person or clothes of a suspect provides very strong evidence. The ultimate 
structure of many types of dust particles is not rev^ealed clearly by the optical 



Fig. 312. Kaolin — 20,000X. (Courtesy, Radio Corporation of America.) 


microscope. The shapes and size distribution of individual particles are also 
too minute for this instrument. Figures 312 and 313 are examples of electron 

micrographs of this class of material. 

(c) Fibers. In crimes of violence a clue is frequently left in the form of fibers. 
.A. small sample of fiber cannot be readily analyzed chemically. Spectrography is 
of little assistance in the analysis of this type of organic matter. Reliance is 
usually placed in the visual microscope. However, cellulose fibrUs and cryst^- 
htes possess diameters of the order of 0.1 to 0.14 which, as we have seen, is also 
the order of the limit of resolution of the light microscope. Hence the photo- 
micrographic image is formed in part by diffraction effects. The absence, also, ot 
any appreciable depth of field makes an adequate study of such fibrUs an 
particles extremely difficult. Asbestos, wool, hair, and plastic fibers hav^e already 

been studied with this instrument. It has been found particularly helpfu m 
studying tvpcs of scales. Improved microtomes are being produced for cutung 
sections almost to one-tenth micron. This will be important in studymg sections 
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of fibers. Dyed or stained fibers may be studied in cross section for observing 


penetration and structure. 

(d) Paper, The study of paper may be considered a branch of the study of 
fibers. A problem frequently presented is that of determining whether two 


samples of paper came from the same 
source. By separating the sizing, 
fillers, and loading material from the 
fibers it is possible to study each mi- 
croscopically. The revelation of fine 
structure and the enhanced depth of 
field possible with the electron mi- 
croscope suggests its use in such a 
study. New techniques in shadow- 
casting are making it possible to ex- 
amine paper surfaces. Barnes and 
Burton have developed a new method 
of making replicas of organic mate- 
rials such as paper and cloth which 
will aid in this problem. 

(e) Inks, The comparison and 
identification of inks is one of the 
classical problems of criminalistics. 
Chemistry and microscopy are 



Fig. 313. Carbon black — 50,000X. (Cour- 
tesy, Radio Corporation of America.) 


inks by panicle size and 

will be facili- 


usually inadequate in analyses of this 
nature. Electron microscopy will permit great 
thus providing a method of distinguishing among 
shape and of studying the changes of inks with age. 

(f) Pencil Writing. The differentiation among pencil waitings 
tated. The graphite, clay, and wax are abraded into the paper. Replicas of the 


paper can be made and studied. 

(g) Bullet Comparison. Powder marks on the body or clothing of a person 
who has been shot may offer information concerning the type of ammunition 
which was fired. An electron microscope study of the unburnt powder will 
reveal significant characteristics which may identify the source of the powder 
used in a cartridge or permit its comparison with known powders. 
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SCIENCE AND THE 
PROBATIVE VALUE OF 
PHYSICAL EVIDENCE 




CHAPTER 45 


SOME USEEUL 
MATHEMATICS 


In the work of the police scientist a knowledge of the mathematical theory of 
probability is of great importance. There is, first of all, the relati\ ely minor 
application of the mathematics of probability to criminal cases involving gam- 
bling apparatus such as loaded dice or slot machines such as those described 
in Chapter 20. More important, however, is the fact that many subjects of police 
science are statistical studies which depend for their forensic value upon the 
laws of probability. The weight of testimony in questioned handwriting and 
firearms identification, for example, is drawn from the theory of chance. In 
general, wherever the problem is one of comparison between the known and 
unknown specimens, the criminalistician attempts to discover in the unknown a 
number of characteristics which correspond to characteristics of the known. 
From the existence of these common characteristics he argues to a common 
source because of the improbability of the independent occurrence of this set of 
characteristics. 

An adequate discussion of probability must be prefaced by a brief treatment 
of permutations and combinations. The necessity of this may be readily seen. 
Probability deals with the number of possible outcomes of experiments in which 
all outcomes are considered “equally likely.” A certain subset of these outcomes 
is of particular interest. For example, in a case involving loaded dice, tests must 
be made to determine any bias which the dice may po.ssess. It is known that in 
a truly made die the probability of turning up one particular number is the same 
as that of turning up any other number. When two dice are introduced, the 
probabilities of combinations of numbers differ. If the dice are prejudiced toward 
seven and two, an investigation must be based on the probability of rolling this 
combination with true dice. The suspected dice must be rolled a great number 
of times and the results compared with the theoretical probability. 


1. PERMUTATIONS 

A set of n objects arranged in a particular order is said to be a permutation. 
For example, there are six different ways in which three flags B, R, and G, can be 
arranged: RBG, RGB, BRG, BGR, GRB, GBR; hence we have six permutations. 
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Thr number of permutations of n thini^ can be deduced by the following resioii. 
in^: the first place can be filled in n way-s; the second in (« — 1) ways; the third 
in (n — 2) ways; the next to the last in 2 ways; and the last in 1 way. Hence the 
number Is ^ven by 

n(n — l)(n — 2) • • • 2 X 1 * ff! 

The symbol n! is called n /artonai. The value 1 is assigned to 0! 

If from a set of n objects we wish to know the number of arrangements 
-4? possible by taking them r at a lime, the following formula is used 

Ar = n{n — 1)(h — 2) • • • (n — / + 1) 

The derivation of this formula can be seen from the followdog examples: 

EXAMPLE 1. How many three-letter code “words" are possible using the letten in 

the word “felony"? We have sLx letters to choose from. There arc three places to fill. The 
first place can be filled in six wa>'s; the second place in five wav's; and the last place in 
four ways. For each of the six wav’s of choosing the first letter, there arc five ways ol 
choosing the second; hence there are 6 X 5 or thirtv- ways of choosing the first and 
second letters. For each of these thirt>' ways of choosing the first and second, there are 
four ways of choosing the third. Hence, there arc 6 X 5 X 4 or 120 ways of choosing die 
three letters. Therefore, 120 code “words" arc possible from the letters of “felony." 

EXAMPLE 2. In how many wa>'s can 8 patrol posts be assigned to a platoon of 
1 3 patrolmen? Since n = 1 3 and r — 8, we have 

.4J" = 13 X 12 X 11 X 10 X 9 X 8 X 7 X 6 = 51,891,840. 

The calculations can be simplified by the use of logarithms (or by the use of log £k- 

13! 

torial tables) since .45* can be expressed also as ; i.c., 

n! 

j • — . 

' (n-r)! 

If we have a set of objects in which some of the objects are alike, the number of 
distinguishable arrangements is reduced. If, for example, we wish to know the number of 
possible arrangements of n objects, j of which are the same and k of which arc the same, 
we have 



EXAMPLE 3. How many code “words” arc possible using the Icners of the wosd 
“interconnected”? Since the letter n occurs three times, / twice, e three times, and € twkct 

we have 

^ = 3 !^^! = 605 , 395 , 700 . 

2. COMBINATIONS 

A selection of a group of r objects from a set of n objects without regard lo 
order is called a combination. In the given example of forming three-letter code 
“words” from the letters of “felony,” the words “Ion” and “nol” are two differ- 
ent arrangements but the same combination. Obviously the number of comlwa- 
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tions is smaller than the number of permutations. From the formula for permuta- 
tions we can easily deduce a formula for combinations. Any combination of r 
oljects from a set of n objects can be permuted r! times. Hence for every com- 
bination of r things there arc r! permutations. If we use the symbol C? to repre- 
sent the number of combinations of n things taken r at a time, we have 


or 


= r!C? 

rl 


which gives us 




n(n — l)(n — 2) 


(n - r + 1) 


or 


r\{n - r)\ 


EXAMPLE 7. How many teams of two detectives can be chosen from a squad of 


ten? 


C.0 = - 45 

C. - 2! 


EXAMPLE 2, In how many ways can a poker hand be dealt? Since there are 52 
cards in the deck, 5 cards can be chosen in C| ’ ways. Thus, 

cs* = 5 ^ = 2,598,960. 

EXAMPLE 3. In how many ways can a flush in clubs be dealt in a poker game? 
Since there are 13 clubs and a hand contains 5 cards, a flush in clubs can be dealt in 
CJ* ways or 

_ 13X12X11 X IPX 9 _ 

5X4X3X2X1 ~ ^ 

For flushes in any of the 4 suits we would have 4 X 1287 or 5148 ways. 


3. PROBABILITY 

In probabUity we speak of events which can happen or fail in ways that are 
equally likely. The term ‘‘equally likely” does not necessarily imply that the 
events are not governed by physical laws, but indicates, rather, that the factors 
Involved in determining the outcome are so complex or apparently beyond 
control as to justify our ascribing the result to pure chance. For example, the laws 
governing the flight of a flipped coin are well known, but the difliculty of con- 
trolling the flip so that the result will be predictable is very great. This difficulty 
of predictability justifies the use of the term chance, without denying the deter- 
ministic value of the laws of gross mechanics. Considerations of extrasensory 
perception need not concern us here. 

If p denotes the probability that an event will happen, k the ways in which 
it can happen;/ the ways in which it can fail; and if the A and / ways are all 
^ually likely; then we take for our definition of probability the quotient 




660 


AN INTRODUCTION TO CRIMINALISTIGS 


If y is the probability of failure. 

Obviously, ^ ^ = 1- 

If success is certain, ^ = 1. 


EXAMPLE 7. What is the probability of rolling a Jour with one die? 
Since the die has six numbers, A = 1 and / = 5; 


P = 


1 +5 


1 

6 


EXAMPLE 2. In dealing five cards for a poker hand, what is the probability of 
getting exactly three clubs? 

Since there are 13 clubs in the deck, 3 clubs can be drawn in CJ* ways. The other 
2 cards must be drawn from the remainii^ 3 suits or 39 cards. This can be done in CJ • 
wa>-s. Therefore a hand containing precisely 3 clubs can be drawn in CJ* X Cl* ways. 
The total number of possible hands of any 5 cards is C|*. We have, then, h = Cl* X ; 
and A + / = Cl*. Hence, 

13! , 39! 

CJ» X Cl* 3! 10! ^ 2! 37! 

P ^ — 


P ^ 


Ci 


2,717 

3373^ 


52! 


5! 47! 


or about 1 chance in 12. 


4. INDEPENDENT EVENTS 

We consider now the probability that two events will happen, given the 
number of ways in which each event can happen or fail independently. Since for 
each of the hi ways in which the first event can occur, there are Aa ways in which 
the second can occur ; the two events together can occur in hihx ways. Associating 
successes hi and failures /i of the first event with the successes Aa and failures/a 
of the second event, we find that the total number of ways in which the two 
events can happen or fail is (AiAa + Ai/a + h%fi +yi/*)- The probability of the 
two events happening is 

A^A^ 

^ AiAa + Ai/a + Aa/i 

which can be written as 

_ AiAa ^ 

^ (Ai +/i)(Aa +/a) 

but this is simply p = pipt- A simUar result can be obtained for n events. 
We have, thus, the law of compound probability: The probability that two or more 
independent events will happen is equal to the product of their separate prob- 

abilities. 
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EXAMPLE 1. Calculate the probabilities of rolling the various numbers with two 
dice (i.e., calculate the odds for the various points on a single roll in an ordinary crap 
game.) Since there are six numbers on each die, the total number of ways in which 
any number can occur or fail in a roll is 6 X 6 or 36. There is only one way of rolling a 
two^ i.e., by rolling a one on each die. The probability is, therefore, 1 /36. To roll a three 
we must have the sum 2 + 1. This can be chosen in two ways, p — 2/36 or 1/18. 

The number Jour can be obtained from the sums 3 + 1 and 2 + 2. The first of these 
can be chosen in two ways; the second in one way. Hence, p = 3/36 or 1 /1 2. 

For number Jive we have the sums 3 + 2 and 4 + 1, each of which can be chosen in 
two ways; hence, p = 4/36 or 1 /9. 

For number six we have the sums 1 + 5, 2 + 4, and 3 + 3. Since the first two of 
these can be chosen in two ways each, we have p = 5/36. 

For number seven^ we have 1 + 6, 2 + 5, 3 + 4, each of which can be chosen in two 
ways. Therefore, p ~ 6/36 or 1 /6. 

It is left for the reader to calculate the remaining probabilities. The obvious sym- 
metry is seen in the following table. 
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The following rules of probability are given here for the sake of oompleteness. These 
theorems are extensions of the principles already stated. The reader is referred to any 
textbook of college algebra for the proof of these scholia. 

(a) The probability that an event will occur exacdy r times in n trials is 

C? X /»'■ (1 - /»)"-' 


where p is probability in a single trial. 


EXAMPLE, What is the probability of rolling a seven exactly three times in five 
throws of the dice? 

From previous examples we know that the probability of rolling a seven in one trial 
is 1/6. Since n = 5 and r = 3, we have 

p = - pY-^ = ci(i)3(i - 1)2, 


or 


which gives 


P = (0^(1 - i)^ 

P = 125/3888, or about 1 chance in 31. 


(b) If the probability that an event will happen on a single trial is the probability 
that it will happen at least r times in n trials is the sum of the first (n — r + 1) terms of 
the binomial expansion of where q = \ — />. 


Thus 


p = _1_ Cr /)"-» q + C 2 " q-~ + 


T 


prq 


We are now prepared to calculate the probability of winning in a crap game. 
In this game two dice are rolled. If the player throws a 7 or 11 on the first roll 
he wins. If he throws a 2, 3, or 12 on the first roil he loses. If on his first throw 
he rolls a 4, 5, 6, 8, 9, or 10, he may continue to throw until he throws either 
the same number or a 7. If he throws the same number, he wins; but if he 
throws a 7, he loses. 

In order to determine the probability of winning we shall compute the 
probability of winning on each roll and sum up the separate probabilities of 
these mutually exclusive events. The probability of winning on the roll will 
be denoted by p,. The total probability will be P. 

To win on the first throw the caster must roll a 7 or 1 1 ; hence the probability 
of winning on the first throw is 

^ 4 - 2 

“ 36 36 


or 


/»! = 


36 


To compute the probability of winning on succeeding throws we must treat 
the possibilities for each of the points 4, 5, 6, 8, 9, and 10 separately. The 
symbol will represent the probability of winning by rolling the point z on 
the throw. Thus denotes the probability of winning by rolling the point 5 
on the sixth throw. 

If the number of ways of throwing the point ^ is x, then the probability of 
winning on the second roll with point z is the product of the probabilities of 
throwing: z on the first and second throw. 



SOME USEFUL MATHEMATICS 


663 


Hence 




or 


Zp2 - 


-) 

36/ 


The probability of winning on the third throw with point z is given by 
the product of the probability of throwing z on the first throw, which is a:/ 36 , 
the probability of throwing neither z nor 7 on the second throw, which is 

— , and the probability of throwing ^ on the third throw, which is 

x/36 ; 

Hence, 


or 







36/ V 36 


For the fourth throw we have the product of the following probabilities: 

casting z on the first throw; neither z nor 7 on second and third; and z on the 
fourth. Hence, 

X 30 — X,, 30 — x .x 

»/’4 = 


36 


X 


36 


X 


36 


X 


36 


or 


The manner in which these probabilities are formed is now apparent. For 
the n'* throw the probability will be 


zpr\ 


36 



30 - 
36 


n—2 


The probability of winning on any throw after the first by means of point .j 

is pven by the sum of these probabilities. Thus the total probability for 
point z ^n n throws is given by 


n - 2 


36 



30 - X 
36 


(1) 


The total probability for winning not later than the n'* throw is given by 

Pn = + 4/»„ + b/-™ + ,pn + ,pn + ,p. + 

Because of the symmetry previously remarked, we may write 

Pn = p\ 2{^pn + ipr, + 6 />„). 

Or, by substituting ^p^ from equation (1), 


Pn ~ p\ 


5 » — 2 


o n — £ / 

22 :z( 

7 = .S 1 = 0 \ 


X Y/30 - 

367 V 36 



( 2 ) 
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(x represents the ways in which any given point can be rolled; henc^ it 
assumes the values 3, 4, and 5 for points 4, 5, and 6.) 

Since the number of throws is unlimited we must find the value of 


P = pi + 


5 OO 








but 


g m 


30 


36 



is simply a convergent geometric progression having the value 




36(6 + x) 


Hence, we have 


P = 


36(6 + x) 


or 


P -^ + 2 


+ 


16 


25 


36 ' " V36 X 9 * 36 X 10 • 36 X 



The probability of winning, therefore, is 

244 


P = 


495 


or 0.493. 


Equation (2) can be used to calculate the probability for a limited number 
of throws. 

In addition to its wide use in the fields of science, the theory of chance can 
fioquendy be applied with profit to the homely incidents of everyday life. 
The followii^ example is given more for its value in suggesting the power 
of the theory than for any immediate practical guidance for the expert witness 

in preparing evidence. 

EXAMPLES: /. In a case of honucide the victim was known to have been murdered 
between 3:40 p. m. and 5:10 p. m., the period being fixed by the visits of ^e^en. It is 
known that the deceased received in this time two telephone calls, which will be rep- 
resented by the letters A and S. Call A b known to have preceded caU B. What is the 

probability that caU B occurred in the period from 4:30 to 4:45 p. m.? 

We assume that B occurred within the interval approxi m a t ely t minutes after 
3:40 p. m. A is now restricted to a period of / minutes out of 90 minutes (3:40 subtracted 
from 5:10). We may restate this restriction by saying that the numbCT of possible ways of 
fodi^ the hme of A is proportional to /. Similariy, the number of possible ways of fixing B 

is proportional to rfl. A and B together can be fixed in Aft* ways, where k is a prop^on- 

ality constant. The number of ways in which B could happen between 4:30 to 4: cm 
be found by integrating kuU between the limits 50 and 65 which represent the tune in 
minutes if 3:40 is considered the zero point. Cal l i n g the number A, we have 
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The total number of ways {h ~r /) of fixing B in the 90 minutes would then be 


h+f = 



The probabiiin^ is then given by 



The probability that call B occurred between 4:39 and 4:45 is approximately one chance 
out of five. 

From the form of the integral it can be seen that the probabilin' becomes less as the 
period is placed more nearly 3:40. We can studv this variation by wTiting the integral of 
the numerator v\ith the general limits x and Thus, 


Since 

and 

w e have 



(t +,>')(>’ - x) 
8100 



/ = 1 5 + X, 



225 4- 30x 
~ 8100 


Here we see that the probability increases linearly with jt, the initial time of the 
period under discussion. 
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PROBABILITY 
AND PROOF 


1. PROBABIUTY IN CRIMINALISTICS 


In a criminal trial the aim of the prosecution is to prove the guilt of the 
defendant beyond a reasonable doubt. The term "reasonable doubt'" has no 
[:)recise dehniiion. There has been little, if any, scientific approach to the elucida- 
tion ot the word "reasonable." A great deal has been written concerning the 
\ aliditv and weight of certain kinds of testimonv. The weight attached to eve- 

• «» w ^ 

witness testimonv, for example, is very great; in comparison, circumstantial 
evidence is held in low esteem. With the increasing use of modern scientific 
meth(Kis of invesiitzation, it is expected that the importance of circumstantial 
evidence will be tjreaily enhanced. At present the defendant’s fingerprints 
tound at the scene ot a crime are sometimes considered in themselves sufficient 


('\idence tt) support a conv iciiijn. and this, simply because the probability of 
tmdinu two identical finuerprints is quite small. The day should not be distant 
when a spjectrouraphic analv-iis will be given the same weight in court as a 
tincerprint. Thai this condition does not exist at present is due, perhaps, to a 
tailure to understand the common nature of these two types of physical evidence. 

In a recent case of the authors, for example, the collision of an otherwise 
unidentified car with a newly painted bicycle was established by spectrographic 
analvsi-i t)f the white paint which had been left on the car at the time of the 
ctillision. The analvsis showed that all elements present in the paint on the 
birvcie were also present in the paint on the car. The significant aspect of the 
analvsis was the presence of trace elements attributable to slight impurities 
whicii una\oidal)lv distimruish one "batch" of paint from another and not 
mer('lv i>ne manufacturer's paint from that of another. The evidence here was 
of the <ame nature as that lA the finc:erprint. In the fingerprint the presence of a 
Cf-rtain number of geometrical patterns of friction ridges establishes the print 
a' unique, since in the experience of fingerprint experts there is only the remotest 
( fiance ith(' probabiiitv. almost, of a reversal of a law of nature) of the occur- 
rem r of a similar set of characteristics from an independent source. Similarly, in 
Npeetrograph the presence o\ certain lines with varx'ing densities describes a 
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pattern which in the opinion of an experienced six-ctroscopist may he iinifjiir, 
the unicity, to speak loosely, approachint^ that of the finm i'iniiu in fjuality. 

Many other examples can be gi\'en where physical ev idence logically should 
possess the same forensic value as the fingerprint. A few are clrscrihed below. 

Glass fragments are found at the scene of a hit-and-run acc idem. I.xamina- 
tion of a suspected vehicle reveals glass fragments of the remains of a headliglii 
lens that fit a piece from the vehicle (in the manner of a jig-saw puz/l< j. Not 
only do the two curves of the glass fragments match, but the curv'es of the cross- 
sectional surfaces are also in agreement. I'he unique fijriris of these curves are 
practically impossible to reproduce intentionally in glass. '10 ascriix* llie ( (a re- 
spondence to chance would be considered an affront to one's inleiligenca*. 'I he 
elements in this case which correspond to the characteristics of a ling<*rprini 
are the points of the curves when they arc regarded as being plotted in some 
system of coordinates. Cases analogous to glass fractures are those involving torrt 
documents, matches torn from match books, or broken automobile ornaments 
or accessories. 

Tool impressions offer another familiar example. The edge of a tool such as 
a wood chisel is scarred in various ways. There is no predictal)le [)attern to thtr 
notches which are made in the blade. When the chisel is used cm a soft surface* 
a trace of the edge is seen in a series of striaiions along the path of application 
(Fig. 76). A set of ten or twenty characteristics may be present in the iin[)ression 
to identify the tool. The spacing and depth of the nicks in th<* edge of the tool 
are the variables the V'alues of which relate the tcjol to the mark. 


Further examples may be given from the fields of handwriting comparisons 
and firearms identification. In all of these studies oi physical evidences the nature 
of the problem of proof is the same: the di.scovery in the unknown of a nnmbcr.of 
characteristics which correspond to characteristics of the known. From the 
existence of these common characteristics the investigator concludes that the 
known and unknown possess a common origin because of the improbability of 
the independent occurrence of this set of characteristics. This im|)robability is 
presented to the court as one of the reasons for considering the defendant’s guilt 
to be established beyond a “reasonable” doubt. 

Throughout the description of these examples the concept of probability 
constantly appears. Although the fingerprint expert looks upon his conclusions 
as being based on common sense supported by experience, he is, nevertheless, 
groping toward the idea of probability. This reaching toward a scientific basis 
of reasoning is evident even in the early history of fingerprint classification. In 
1892 Sir Francis Galton estimated the probability of two persons possessing the 
same fingerprint as 1, (64 X 10«) (one chance in 64 followed by 9 zeros). 
Balthazard later put the probability at 1 10*^^ 

The extension of the principles of mathematical probabilitv if) the frequency 
of occurrence of characteristics of physical evidence is not a simple matter. 
Assumptions that truly belong to the realm of the ideal are transferred to the 
world of reality. In the applications of the principles of probability which have 
been previously treated, the examples were confined to games of chance and 



668 


AN INTRODUCTION TO CRIMINALISTICS 


other ideal situations. The conditions of the problems considered were com- 
patible with the assumptions implied in the definition of mathematical prob- 
ability: 

“If, consistent with conditions x, there are n exhaustive, mutually exclusive events, 
and equally likely cases, and m of them are favorable to an event d, then the mathe- 
matical probability of A is defined as the ratio m,- 

W ith what degree of assurance can we state in the case of a fingerprint that this 
(or that) precise number of characteristics represent n “exhaustive, mutually 
exclusive events'’? The term “equally likely cases” offers even more formidable 
difficulties. The following criterion may be used. “Two contingent events are 
considered as equally likely if, after taking into consideration all relevant 
evidence, one of them cannot be expected in preference to the other.”*^ How 
is this criterion to be applied, say, to the markings of a bullet in firearms iden- 
tification? 

To these questions there is no simple answer. It is not possible to give a 
numerical measure of the probability of an event unless we are given a set of 
alternatives which are equally probable. Our definition of “equally probable” 
involves the Principle of Indifference: . if there is no known reason for 

predicating of our subject one rather than another of several alternatives, then 
relatively to such knowledge the assertions of each of these alternatives have 
an equal probability. The difficulties which this rule leads to, however, are 
quite formidable. It is necessary, in fact, to abandon any scheme of establishing 
a priori probabilities which would employ this rule. 

If we limit ourselves to merely establishing upper or lower limits to the 
probabilities which we are seeking, we can greatly simplify the problem. The 
probability of an event such as those cited above may be established a posteriori 
as being within certain limits. The relative frequency of the occurrence of a 
characteristic, as shown by a great number of experiments, may be taken as an 
approximation to its probability. 

Bernoulli’s theorem is of particular relevance here: “With the probability 
approaching one or certainty as near as we please, we may expect that the 
relative frequencv of an event in a series of independent trials with constant 
probability p will differ from that probability by less than any given number 
e > 0, proN'ided the number of trials is taken sufficiently large. 

Uspensky" cites a number of experiments which illustrate the theorem: 

(a) Buffon tossing a coin 4040 times obtained 2048 heads and 1992 tails. 
The relative frequencies are 

== 0.507 for heads 

4040 

* By pertnission from Introduction to .Mathematical Probability byj. V. Uspensky, copyrighted 

1937, by McGraw-Hill Book Company, Inc. 

t By permission from A Treatise on Probability by J. M. Keynes, copyrighted 1921, 

Macmillan &. Company. 
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and 


1992 

4040 


= 0.493 for tails 


These frequencies are ver}' close to the a prion probabilities of ^ or 0.500. 

(b) In his Grundziig^ der mathematischen Statistik^ Charlier records that in 
10,000 random drawings of a playdng card from a full deck a black card was 
drawn 4933 times and a red card 5067. The relative frequencies are 


and 


4933 

10,000 

5067 

10,000 


= 0.4933 for a black card 


= 0.5067 for a red card. 


The theoretical probability for each is 0.5000. 

(c) Bancroft H. Brown records the results of 9900 crap games. This game has 
been described in Chapter 45, where we saw that the probability of winning is 


244 

495 


= 0.493. 


Brown obtained 4871 successes in his experiment. The relative frequency is 


4871 

9900 


= 0.491. 


Other examples are cited by Keynes.^ 

From these experiments it is seen that relative frequency can be made to 
approach theoretical probability as closely as we please if a sufficient number 
of trials or cases is recorded. It is reasonable, then, to assume that the relative 
frequency determined from a sufficiently large number of experiments can be 
used in calculations in place of the theoretical probability in the problem which 
we are considering — the probability of occurrence of certain characteristics in 
samples of physical evidence. We must, however, restrict ourselves to estimates 
which lie within broad limits in order to avoid the many logical difficulties 
which are present. 

This relative frequency must be determined by a statistical examination. In 
the case of jhngerprints this is a comparatively simple matter since the number of 
recorded fingerprints is enormous. The circulation of records among police 
departments insures for the expert a sufficient amount of data for reliable 
estimates. The expert in other branches of police science, however, does not 
enjoy access to so large a mass of data. Usually he must rely upon his own 
experience. The handwriting expert, after the examination of thousands of cases 
acquires a fair knowledge of the frequency of occurrence of certain letter forma- 
tions, and perhaps for certain characteristics can form some estimate of the 
probability involved. 

The criminalistician, who must treat of other types of evidence such as 
spectrographic analyses or tire marks, is in a far less happy state. To understand 
his difficulties we must divide characteristics into two classes — group and 
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individual. For example, a group characteristic of a tire would be its manufac- 
ture; in a sample of paint it would be the ingredients. The individual character- 
istics are those \vhich specify or identify a single sample of a substance or an 
object — the cuts and scars which the tire acquires in use — - the trace elements 
in the paint, over the occurrences of which the manufacturer apparently is 
unconcerned — the unavoidable differences in density and refractive index 
^vhich mark one pot of glass from a succeeding pot — the nicks found in the 
head of a hammer. 

For the group characteristics it is possible to for.m a semiquantitative 
estimate of frequency of occurrence. One can ascertain the number of tires of 
a certain brand which have been sold in a certain area. The manufacturer’s data 
will determine the number of cans of a certain paint which were available at a 
gi\’en time. The important characteristics, however, are those which are 
individual, and here the police scientist finds his professional life beset with 
difficulties. The frequency can no longer be determined by production-line 
figures. A large number of individual experiments is necessary. Is the scale 
count of hair sufficient to characterize the hair? Not unless thousands of experi- 
ments have been performed which establish the scale count as characteristic 
of a certain head and which indicate the frequency with which various scale 
counts occur. The frequency of occurrence of certain trace elements in paint 
can only be determined through a wide experience in spectrographic analysis. 

The need for this type of data is keenly felt in police science. The data 
supplied by scientists in other 
of the police laboratory. The peculiar problem of criminalistics is to detect the 
odd traces — the anomalies which are often of little interest to other sciences. 
The stray elements that creep into the production of certain metals are often 
of no importance to the manufacturers; nevertheless, they brand the metal for 
the criminalistician in a manner which is far more significant than the name of 
the manufacturer. The maker of a pair of rubber heels is interested mainly in 
elasticity, durability, and economy. The occurrence in the heels of cuts and 

4 ’ * ' ^ 

other scars acquired through wear in no wise affects him. The forensic scientist? 
howe\er, in comparing the heels with an impression would like to know the 
frequency with which he can expect this type of wear or this type of cut in 


professions are not entirely suited to the needs 


the heel. 

Research of this nature has not been neglected. Statistical studies have been 
undertaken in police laboratories in America, particularly in the West and 
\Iiddle \\ est. A good example of this work is a study of the physical properties 
of glass by Kirk." In this e.xperiment one hundred samples of glass were tested 
in order to determine the frequency with which the various values of the density 
and rcfractix e index occur. The purpose of the study was to determine whether 
these properties alone are sufficient to identify a glass sample. It is to be hoped 
that research of this nature will be conducted on a more extensive scale in the 


future. 

If we assume, now. that a statistical study has established for us the frequency 
with which certain characteristics occur in physical evidence, and if we further 



PROBABILm^ AND PROOF 


671 


assume that the frequency may be taken as an approximation to the probability 
of an event, how can the mathematics of probability assist us in the problem of 
proof? More specifically: Under \vhat circumstances can we apply the law of 
compound probability? We restate this law as follows: The probability, P , of the 
simultaneous occurrence of independent events Ti, T 2 , ^35 * * ' is given by 
the product of their separate probabilities. Thus, 

P = plp'lpZ * ■ * pn^ 


The naive application of this principle without regard to the individual nature 
of the problem will lead to many pitfalls. To quote Keynes:® 

“Probability has become associated, therefore, in the minds of theorists with those 
problems in which we are presented ^vith a number of exclusive and exhaustive alterna- 
tives of equal probability*; and the principles which are readily applicable in such circum- 
stances have been supposed, without much further enquiry, to possess general validity." 

We apply this rule to a tool impression found in metal, such as that illustrated 
in Fig. 76. An examination of a test mark made with a suspected tool in similar 
metal reveals 15 scratches or lines which match 15 out of 19 of the stria tions of 
the impression received in evidence. If on examination of a number of similar 
tools we find that a line which will correspond to one of the lines in the impres- 
sion is on the average on one of ten tools examined, we may assign a probability 
of ^ to each of these lines. Then the probability of finding 15 corresponding 
lines in another tool is given by (assuming each line an independent occurrence) 

P=-x-x-x-x-x-x^xi-x-lxi-xlxlx^v^vi- 

10^10^10^10^10^10^10^10^10^10^10^10^10^10^10’ 

or 



Hence, we can say that the probability of finding a tool other than the tool held 
in e\ddence to produce the impression is one out of 1 , 000 , 000 , 000 , 000,000 or 
10^’. Since 10*® far exceeds the number of tools of this type existing in the world, 
we may say that we have proved beyond a reasonable doubt that this tool was 
used to make this impression.® 

As another example let us consider a comparison of substance A, found on 
the shoe of a suspected burglar, with substance B, found on a window sill at the 
scene of the burglary. Spectrographic analysis reveals that the two substances 
are identical line for line in the spectrogram. The substances, then, are not only 
of the same nature but match also in regard to presence of a number of impuri- 
ties. If we assign a probability of ^ for the discovery' of a substance of that 
nature on the shoe of a person and a probability of for the presence of each 

of four impurities which are found in the substance, we have for the compound 
probability 

— X — X^X^X J- 
500 100 100 100 100 ’ 


p = 
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or 

p = 1 = — 1 — 

50,000,000,000 5 X lO'o 

In other words, the probability of finding the substance which was discovered 

on the shoe of the suspect in some place other than the window sill in question 

is one in fiftv billion. 

# 

It should be noted that the reasoning in the latter example is not as satis- 
factory as that applied to the former. We shall return to this later. At present, 
the following additional examples are given to further illustrate the theory: 
Osborn applies the rules of probabilin* to a comparison of handwTiting: 

“The same problem may be stated in another way. We will say that movement or 
manner of \NTitino; will be represented by the fraction one-half; that is to say that all 
\sTiters write in one of oniv two possible sp ies of movement, and let pen position, slant, 
shading, size, and alignment each be represented by the fraction one-half. The various 
letters, characters, abbreviations and pen marks in English uxiting are more than eighp- 
in number, with scores of variations and modifications of each sp le which, when taken 
all together in the ereat varietv of handwritings, are numbered bv the thousand. 

“We will assume that all characters except forp' will be made exactly alike, and 
that those forp* will each have but one possible modification of one kind in one direction 
instead of many as is the fact. We now have as representing our separate “events'’ forp^- 
six fractions each of one-half, and the question to determine is how frequently will this 
group or anv other particular selected group of varying forms and habits, all combine in 
another handwriting. Applying the Newcomb* rule again, we find that even on this 
low basis the mathematical probabilip* of two complete hand\sTitings being identical 
is one in something more than sixty-eight trillions (68,000,000,000,000).’' 

Another example^ from the work of Osborn is a case of a traced forgery in 
which thirtv downward strokes of a signature were matched identically in the 
forged signature. Professor Benjamin Pierce of Har\’ard testified in part as 

follows ; 

" 'I have carefuilv examined the sitrnatures of 1 and 10 of Sylvia Ann Howland. I 
have placed them over each other, and have compared their magnified photographs. 
The coincidence is extraordinart' and of such a kind as irresistibh to su^^est desig^n, 
and especiallv the tracing of 10 over 1. There are small differences in ever>' portion of 
the sisnatures. so that no letter of the one is precisely identical with that of the other , 
but the differences are such as to strengthen the argument for design suggested by the 
coincidences. . . The mathematical discussion of this subject has never, to my knowledge, 
been proposed, but it is not difficult; and a numerical expression applicable to this 
problem, the correctness of which would be instantly recognized by aU the mathema- 
ticians of the world, can be readily obtained. ... 

" Ilie relati\ e frequency of coincidence expresses how often there is a coincidence 

in cither of the characteristic lines: such as in line 1 for example. The product of the 
relative frequency into itself expresses how the coincidence of a characteristic line 1 is 

• This i-s ttic law o: compound probability, which for some reason Osborn associated 

with the name of Professor Simon Newcomb. ^ ^ , • u j moo 

i By permission from Ojitsiioned Documents, 2nd ed., by A. S, Osborne, copvnnghted 

bv A. S. Osborne. 
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combined with that of line 2; the cube of the relative frequency of coincidence shows 
how often there will be the simultaneous combination of the coincidences of the first 
three lines, and so on. 

“ ‘Finally, the relative frequency must be multiplied into itself by as many times as 
there are characteristic lines to express how often there can be a complete coincidence 
in position of all the lines of the signature. 

“ Tn the case of Sylvia Howland therefore, this phenomenon could occur only once 
in the number of times expressed by thirtieth power of five (nine hundred and thirty-one 
quintillions of time — 931,000,000,000,000,000,000). This number far transcends human 
experience. So vast an improbability is practically an impossibility. Such evanescent 
shadows of probability cannot belong to actual life. They arc unimaginablv less than 
those least things which the law cares for.' 


2. CONDITIONAL PROBABILITY 


It was remarked above that some objection might be made to the rigor of 
the reasoning employed in the example of the spectrographic analysis. With the 
limited description of the analysis given there, the question might be raised : 
Should the presence of the impurities be considered as independent of the 
presence of the substance in question? Does not the probability of these impuri- 
ties increase once we have granted the presence of the substance? VVe can clarify 
this problem somewhat by considering a simplified example: 

A metal rod is found in the pocket of a suspected safe burglar. It is thought 
that the rod was used as a punch to knock in the dial of the safe. Particles of 
metal and paint are found on the rod. A spectrographic, qualitative compari- 
son reveals that these substances are the same as the metal and paint of the safe. 
An inquiry of the manufacturers of the safe discloses that the selection of paint 
for a safe of this type is made from a group of four paints. VVe assume that from 

r we can assign a probability of xo^tro (neglecting trace 

elements for the present) to the finding of this particular metal, on the metal rod. 
The probability of finding a paint to match the paint of the safe is set at t-Jq- 
VVe assume also that there are no impurities in the paints. What is the probability 
of the simultaneous presence of these two substances on another metal rod? 

If we were to naively apply the rule for independent events to this case we 
should have the result 

P = ^ X — = — 1— _t 

1000 500 500,000 


permission from Questiontd Documents, 2nd ed., by A. S. Osborne, copyrighted 1929 
by A. S. Osborne. r/ » , 

t If we were to include a consideration of impuriues, the probability would be calculated 
as lollows: 


Usmg a conseryauve assumption, let us say that the metal punch had three common 
trace elements to which we may assign a probability of for each; the paint of the dial had 

probability of M and one uncommon trace element (a prob- 
ty o ittooj. Fhe change in probability due to the impurities, then, is fV X iV X A X 
A X tAo* The total probability is now - ^ X — or - X 10“^. 

IPO, 000 10^ k * 
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To include cases of this nature in our theory of probability we must amplify 
the rule of compound probability with the following generalization. The prob- 
ability of the simultaneous occurrence of two events Ai and is given by the 
product of the unconditional probability of event Ai and the conditional prob- 
ability of event A2 which assumes the occurrence of Ai, 

The rule is readily extended to n events A1A2 • ■ • 

The following example will illustrate the theorem for two events. A box 
contains seven balls — three red and four black. If two balls are selected at 
random from the box, what is the probability that they will both be black? Let 
pb represent the probability of drawing a black ball and />» the conditional 
probability of drawing a second black ball. 

Pb = f- 

After the first black ball is drawn, only three remain. Thus 

Pbb = h 

Hence the probability P of drawing twn black balls is, hrom the theorem, 

P — pb pbb 

** — Y /N o’ — y* 

This concept of the conditional probability of certain of the events must be 
taken into consideration whenever the principle of compound probability is 
applied. It is for this reason that one must be hesitant to loosely apply the 
principles of probability to cases in which some of the characteristics are asso- 
ciated with one another and hence may no longer be considered independent 
esxnts. In handwriting comparisons, for example, the footing may become 
exceedingly treacherous for the expert who does not recognize the associations 
of characteristics. A no\'ice will be inclined to designate as ‘^independent events” 
two letter formations such as h and /; whereas in fact they may be associated 
characteristics, because the WTiter is adhering to the rules of a specific school of 
penmanship — the Spencerian school, let us say, or the Palmer Method. If the 
h possesses a peculiar formation we should expect the penman, if he is con- 
scientious and not particularly imaginative, to form his / in similar fashion. Thus 
the probability of the / is conditioned by the occurrence of an h of the same school 
of penmanship ; and, if w e are to assign a probability of ^ to the k we may not 
assign an equal probability to the / but must set it at some lower figure, say 
Similarly, a handwriting expert must be wary in assigning separate probabilities 
to the slant of individual letters where the slant should properly be considered 
a characteristic of the penman’s writing in general. These, however, are pre- 
cautions w'hich the expert instinctively takes without necessarily being articulate 

in the matter of the probabilities involved. 

Since there are pitfalls to be encountered by the ill-advised use of the prin- 
ciples of probability, the testifying expert should be extremely conservative in 
his semiquantiiative estimates of the probability of the occurrence of character- 
istics of physical evidence. The important element is the application of the 
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principle of compound probability; namely, the fact that the probability 
increases exponentially with the number of characteristics. If he is able to make 
this point clear, the full weight of his testimony will be realized. 


3. THE GENERAL APPLICATION OF PROBABILITY 
IN COURT TESTIMONY 

The principles ^\hich we have discussed above should not necessarily be 
confined to circumstantial evidence. They may with discretion be applied to all 
the facts which are adduced to prove the guilt or innocence of the defendant. 

The presentation of evidence in a criminal trial, usually involves a set of 
events or circumstances connecting the defendant to the crime with various 
degrees of probability; for example, the defendant’s proximity to the scene of the 
crime; his hat found on a chair; the victim’s wallet found in his po.ssession; etc. 
None of these facts, taken separately, may be conclusive evidence of guilt. When, 
however, the whole series of facts is considered, the case against the defendant 
appears more convincing. The district attorney in summing up such a ca.se 
usually speaks of the “chain of evidence” and the “overwhelming weight of 
circumstances.” Underlying the various locutions which he employs is the 
fundamental concept of compound probability. 

The great difficulty in applying this rule to the data of evidence lies in the 
lact that It IS a mathematical concept and, as such, to lawyers and jurors appears 
to be esoteric, m spite of its essential simplicity. The assignment of numerical 
values to the probabilities of separate events will elicit no objection from the 
layman. He will readily concede that these values may err on the side of con- 

rhffit!!'™' accepting the conclusion (i.e., the prob- 

ability resulting from the product) which follows logically from the funda- 
mental laws of probability. 

of th'Two^rL'TT/f T ** ^he unfortunate connotation 

the confusion of the jurors. He may, for example, state that althoifgh the con- 

“orTh? >> "'"I I be highly probable, it is still onlv 

probable as who should say, “It will probably rain tomorrow.” The technical 

concept of probability is difficult to comprehend by a person who has cl 

sistently employed the term in the precisely opposite sense. 

To these difficulties there appears no ready solution Thev are nf tL 

based in simple terms without any speebL mV Xir 

on magical 'Vules.” profundity or verbal reliance 

swef f 7“’'— ‘ P-babil,,, are 

on .be previously aescribed. The^hie^^luToT.^c^^srh" 
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the illustration of the general principle which should guide the evaluation oi 
evidence in a scientific manner. 

EXAMPLE 7. In the commission of a safe burglary, the criminal scattered a number 
of papers on the floor. On one of these papers a right and left heel print were found. A 
suspect was “picked up’’ t\vo blocks away from the scene of the crime. On examining 
his heels a number of points of correspondence were found between his heels and the 
marks on the paper. Figure 314 is a photograph showing the correspondence between the 
heels and the prints. Some of the points indicated in the illustration merely establish 
that both heels are made by the same manufacturer. The other points of correspondence 
are defects in the heels due to wear, which show themselves in the prints. It is with these 



Fig. 314. A comparison between heel marks found at the scene of a 
burglary and the heels of a suspect. 

Matter defects, the small nicks or gouges in the rubber, that we are concerned. Erring on 
the side of generosity (to the defendant) we shall assign arbitrarily a value of to the 
probability that a rubber heel should bear any one of these nicks in the exaedy corre- 
spKjnding position where it is found on the heel in question. Considering, now, each of 
the defects or nicks as an independent event, and assuming that ten such defects are 
dLsco\'crcd, we find on applying the law for indepiendent events that the probability of 
finding a pair of heels with precisely these defects is or 10“^^. In other words we 

should exp>ect to find only one such pair of heels if we were to examine ten billion pairs; 
or, again, the odds are ten billion to one against finding another pair of heels which will 
make prints to correspond to the prints found at the scene of the crime. 

It should be remembered that the errors in this calculation favor the de- 
fendant. Certain other factors which would make the probability of his inno- 
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cence smaller have been neglected — for example, the coincidence of his being 
in the neighborhood at the time of the commission of the burglary. 

The underlying difficulty in these estimates is the assignment of a numerical 
value to the probability of any given circumstance or event. What numerical 
value, for example, should be assigned to the probability of the defendant’s being 
in the neighborhood at the time? Even in the simpler matters, such as the defects 
in the heels, an objection will be raised. In these cases, however, a sound basis 
for the numerical value can be established by a statistical analysis. It is possible 
to examine several hundred heels (by visiting shoe repairing shops) and note the 
frequency of occurrence of scars in certain areas. 

EXAMPLE 2. In the commission of a burglary' in a certain store, the glass of the 
door window is broken by the criminal while making a hurried exit. In a street adjacent 
to that of the store a patrolman seizes a running man. On examination at the station 
house it is found that the man is bleeding from a cut at the knee. His trousers are torn 
in the corresponding area. In the cuffs of the trousers and in a pocket of his jacket par, 
tides of glass are found. The capture of the suspect occurred at 3:40 a. m., a few minutes 
after the breaking of the glass. .\t the laboratory the glass discovered in the clothes is 
found to have the same physical properties as the glass from the broken door. Paint 
found on the glass particles is shown to be of the same composition as the paint on the 
door glass. Form an estimate of the probability of the suspect's innocence of any connec- 
tion with the breaking of the door window of the store. 

We shall base our estimate on the following points: 

(a) Probability of a glass sample, selected at random, being identical with 

the glass of the door in chemical and physical properties ■ 1 

^ '■ 1 , 000,000 

(b) Same as (a) for paint found on glass: ? 

^ 1,000,000 

The product of these probabilities is IQ-'-; hence the probability of finding 
another such specimen of painted glass is one chance in a trillion. The fol 
lowing additional circumstances would further strengthen the argument 
although we assign no quantitative value to the probabilities: 

(c) Probability of suspect’s being in that area at that time (his habits, and 
the address of his home are taken into consideration) 

(d) Probability of suspect’s being found running at three o’clock in the 
morning (his reasons are taken into consideration) 

(e) Probability of suspect’s suffering a bleeding knee 

(f) Probability of suspect’s trousers being cut at the knee. [This circumstance 
IS independent of (c) in the sense that a laceration of the knee is ordi- 
narily not accompanied by a cut in the clothing.] 

(g) Probability of finding glass particles in trouser cuffs 

(h) Probability of finding glass particles in pocket of jacket 

The aim in both of these examples has been to demonstrate that the prob- 
ability of the innocence of the suspects is so small as to justify the jury in finding 
them guilty beyond a reasonable doubt. In both cases extremely small values 
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were derived for the probability of innocence. From a consideration of these 
numerical estimates there naturally arises the question of the approximate value 
which must be reached in order for us to say that the probability arrived at by 
the evidence removes the defendant’s ^ilt from the domain of reasonable doubt. 

This question is not readily answered. Offhand, one might say that the 
probability is sufficient when the denominator of the fraction which is used to 
express it exceeds the population of the world; that is to say, a probability of 
1 (3 X 10^). Less conservative v^alues are given in other texts. Where the prob- 
lem is simply that of identifying a tool mark or a substance containing trace 
elements smaller values will ser\^e to establish the identity. Souder^^ discusses 
this problem in an analysis of a hypothetical case involving two typewritten 
documents, in which five of the letter characters represent departures from the 
normal. .After assigning values to the probabilities to these characteristics, Souder 
estimates the final probability. 

“ . . . If these evaluations are proper we have only to multiply X X X jhct X 
to determine the probability of our finding a second U’-pewriter which will show all 

the defects of the first. The answer is * 

40,000,000 

“Interpreted, this means that we would not expect to find two typewriters which 
will produce similar documents until we searched a lot of 40,000,000. Since our initial 
assumption admitted only 1,000,000 such machines in existence, we find our conclusion, 
that both documents were written on the same machine (though not absolute), estab- 
lished beyond a mathematical doubt. To me this expression 'beyond a mathematical 
doubt’ transcends the expression ‘beyond a reasonable doubt’ in that it is capable of 
detailed analysis and when so analyzed is perfeedy understood by all. 

“Suppose the report does not establish such an extremely remote possibility of 
recurrence. Suppose the final fraction for recurrence of the typed characteristics had 
come out only f Is such a report of value? Yes, if the number of typewriters upon which 
the document would have been written can be limited to 100 or less, the report is xdtal. 
Siinilarlv, in handwriting we do not have to push the test until we get a fraction repre- 
sented by unity divided by the population of the world. Obviously the denominator 
can alwavs be reduced to those who can write and further to those having the capacity 
to produce the work in question. In a special case it may be possible to prove that one 
of three individuals must have produced the document. Our report though it shows a 
mathematical probabiliU' of only one in one hundred, would then uresistibly establish 
the conclusion."^-* 

The problem of applying the theories of probability to court testimony has 
been treated in the past by' a number of famous mathematicians and logi- 
cians. *^‘ *■*■*'■ Although their conclusions are, in the main, quesdoned 

by' modern logicians, their work should, nevertheless, be studied by those who 
wish to appiv a scientific method to the evaluation of evidence. The questions 
which have been raised in this chapter will, perhaps, be ultimately^ answered 
as our knowledge of the logical foundations of probability’^ is further developed. 
Remarkably few treatises have been written on this latter subject. Within the 

• W. Souder, '*The Merits of Scientific Evidence," J. Crim, Law and Crim.j 25, 683-685 
fl934». 
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last eighty years the only systematic works in the English language have beer 
those of Venn and Keynes. Modern statements^®* relating to the evidentiary 
value of physical evidence have been mainly qualitative in nature in the sens( 
that they have avoided any estimate of the relative values of the various type; 
of clue materials and of the conclusions which may be logically reached by 
considering their cumulative effect in the light of theory of probability. 
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CHAPTER 47 


SOME MISCARRIAGES 
OF JUSTICE ANALYZED 
IN THE LIGHT OF 
CR IMINA LIS TICS 


Perhaps the most satisfactory method of demonstrating the unique service 
which criminalistics and the concept of probability offer to judiciary proceedings 
is to consider some cases in which the present trial system was found inadequate 
by permitting miscarriages of justice. There are several studies^'® which can 
be used to supply examples of mistakes in administration of justice that might 
have been prevented, had the concept of criminalistic probability been sug- 
gested to the jury as a criterion that would be helpful to them in their delibera- 
tions concerning the innocence or guilt of a defendant on trial. It is not possible 
to examine each case in detail ; hence the foUowing diagnosis of the protection 
afforded the innocent by the science of criminalistics must, for the most part, be 
generalized. Some of the main reasons for the conviction of innocent individuals 
appear to be : 

Mistaken identification 
Inadequate circumstantial evidence 
Framed and simulated evidence 
Perjury 

Unreliable “expert” testimony 
Overlooking and suppressing evidence 

Excessive zeal on the part of investigators and prosecutors 

1. MISTAKEN IDENTIFICATION 

There are many studies which verify that testimony based on visual and 

other sensory experiences is frequently quite unreliable.^ As a matter of fact 

it is a well-established principle of applied psychology that there are individual 

differences in capacity to give accurate testimony of this kind, since errors owing 

to differences in perception and attention at the time of an unexpected event ^d 

later lapses in memory and susceptibility to suggestion during interrogation 
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may cause variations from the truth. Consequently, sensory evidence is not con- 
sidered in criminalistic probability. If some procedure eml^odying the sugs^es- 
tions of Wigmore,^^ Munsterberg,^*' Burtt,^^ and Poffenberger,'^ relative to pos- 
sible improvements in evaluating sensory evidence is ultimately adopted, it 
might become possible to consider this type of testimony in criminalistic prob- 
ability calculations. 

In certain situations, the laboratory may be able to verify whether it is pos- 
sible to make the observations described by a witness. Thus Hirschberg*'^ cites 
a case in which expert testimony concerning the visibility on a late December 
afternoon in Bavaria showed that the testimony of two witnesses who claimed to 
have identified a man at a distance of 310 yards w'as in error since this was impos- 
sible under the conditions. 

2. INADEQUATE CIRCUMSTANTIAL EVIDENCE 

As we have seen in the previous chapter, circumstantial evidence is a valid 
and effective form of proof when it is subjected to correct interpretation. Unfor- 
tunately, however, the term has so often been used in deprecating context that 
jurors are inclined to shy away from the true meaning of the evidence when they 
are told that it is “purely circumstantial.” The disrepute in which such evidence 
is sometimes held is attributable to those case histories wherein the circumstan- 
tial evidence was insufficient to warrant the conclusions which were made. It 
was not that the nature of the evidence was at fault, but rather that the “amount” 
of evidence was insufficient. Thus it will frequently be found in such cases that 
the facts were incorrectly interpreted by attaching greater significance to them 
than was warranted. Here again, a scientific statement of the significance of the 
evidence would have clearly shown its inadequacy. 

As an example of an erroneous conviction based on inadequate circumstan- 
tial evidence alone, let us consider the Lyons case.^® The facts upon which the 
jury based their conviction are listed briefly below: 

Facts 

(a) Two men, L and S, were known to have had a quarrel, and L threatened 
to kUl S. 

(b) S disappeared completely, offering or leaving no explanation for his 
departure, 

(c) A short time later a body was found in a river nearby. 

(d) This body was disintegrated beyond recognition but was similar in 
build and size to S, 

(e) Various articles of clothing found on the body were identified as being 
similar to those worn by lS* when last seen. 

(f) After the body was buried, a friend of .S (who had not seen the corpse) 

described a cheap metal ring with a setting of purple glass which was 

worn by S on his little finger of the left hand. The corpse, upon being 

exhumed, was found to have on the same finger a ring that fitted the 
description given. 
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Considering this set of circumstances we find that incidents fa) and fb). 
while suggesting Z. as a suspect are of too frequent occurrence to be of ereat 
value. Facts (d). (e). and (f) are the most important points in the case. Do thev 
establish a corpus delicti? Is the body that of S? Facts (d) and le) are not particu- 
larly helpful here, since the body and clothes have been in the water for some 
time. The weight of i^f) depends first on an accurate identification of the type of 
ring, and second, on a knowledge of the prevalence of rings of this tvpe. In the 
absence of this information fact (f) cannot be given a high probabiliu' value. 
Thus on the basis of facts (d), (e), and (f) the identity of the bodv has not been 
established sufficiendy to base an unequivocal identification of it as bein? that 
of S. If this case were to occur today, modern autopsy procedures coupled with 
available dental or other clinical records, would most likely have been more 
effective in establishing the identitv of the bodv. 

Another case in which a set of circumstances apparently points strongly to 
the guilt of a suspect in a homicide case is described by Radin.-^ It appears that 
the suspect was apprehended because he aroused the suspicions of some detec- 
tives by acting in a manner similar to that probably used by the criminal. He 
never denied the murder, choosing to remain silent instead; his alibi concernin*^ 
his whereabouts on the night of the crime was found to be a lie, and further 
investigation disclosed that he was in the vicinity at the time the crime was 
committed ; stains on his clothing which he attributed to wine were found to be 
human blood ; and pieces of rag^veed similar to those found in his trouser cuffs 

were also found at the scene of the crime. While these facts seem formidable, if 

0 

the evidence is considered in the light of criminalistics, it will be seen that the 
probabilir\' value of the physical evidence in the case was not sufficient to justify 
a conviction. Furthermore the unusual conduct of the suspect, i.e., his lack of 
denial of the killing and his specious alibi, are mitigated by the fact that his 
foreign background made him war\^ of police methods so that through distrust 
or fear he hesitated to cooperate in the investigation. The innocence of this 
suspect was later proved by the arrest of the real killer who admitted his 
guilt. 

An actual example in which criminalistics afforded protection to an innocent 
man who appeared guilu' because of a set of circumstances is cited by Hoover.- 
In this case a scientific examination of blood stains found on a suspect's clothing 
sustained his contention that they were of animal and not of human origin. 
Again, the physical evidence would have been insufficient grounds upon which 
to base a conviction, but Wcis more than sufficient for establishing that the out- 
ward appearance of the circumstances was quite misleading. 

While the physical evidence in a case may be inadequate, it sometimes may 
be combined advantageously with the methods of applied psychology to induce 
a suspect to make a confession. An actual case is described by Radin^ in which 
the physical evidence, although by itself insufficient for a conviction, was em- 
ployed at the psychologically propitious moment. *\fter a series of inter\dews 
with a suspect in which he was instructed in the theory of blood grouping and 
informed of the results of grouping tests made on evidence found in his room 
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and near the deceased’s body, the suspect was finally induced to confess to a 

homicide. 


3. FRAMED AND SIMULATED EVIDENCE 


Some cases in which persons are wrongly convicted involve situations where 
physical evidence has been left or '"planted” at the scene of a crime. This is done 
by the real criminal to divert suspicion from himself by incriminating an inno- 
cent person. If this were cleverly managed, using a sufficient variety of clue 
materials, it is quite possible that criminalistic probability would offer no 
greater protection to the innocent than the present methods. However, the 
laboratory will in the majority of these cases be able to detect the simulated 
evidence. The reasons for this are simple. The criminal is frecjucntly suffering 
an emotional disturbance while committing the crime and while substituting 
the fraudulent clue materials. This in addition to the fact that he usually has 
little, if any, experience in the appearance or requisites of physical evidence, 
enables the deception to be uncovered. For example, Phillips'-^ cites a case in 
which a corpse was found with a thick lock of hair grasped in one hand. This 
hair was found “to match exactly” hair of a suspect. On the basis of this and 
other “planted” evidence the suspect was found guilty. Later the true culprit 
confessed his guilt. He explained that he had been able to obtain enough hair 
from the comb of the innocent suspect to make a “tolerably stout lock” which 
he placed in the hand of the corpse. Today, how'ever, this hair would have been 
more carefully examined and from an inspection of the root ends it would have 
been determined whether the hair had or had not been pulled out by force. 
Armed with this evidence of simulation, closer scrutiny of the other facts in this 
case would, very likely, have resulted in saving an innocent man from the 
unjust punishment which he suffered. 

The Perry-Palm Case-'^ is an actual example of the value of a scientific 
examination of evidentiary traces left at the scene with the intention of framing 
an innocent party. Not only was the scheme frustrated by the work of the 
laboratory, but the real murderer was identified and subsequently convicted. 

Another somewhat common method employed by those who wish to 
“frame” an individual is to start ugly rumors about the fate of a person who has 
disappeared recently and who is, in some manner, connected with the intended 


victim. In most cases this disappearance is induced by the “framer” through 
blackmail, fear, or conspiracy, \Vhen community interest and anger are at their 
height the “framer” arranges for a dead body, usually mutilated, to be dis- 
covered under suspicious circumstances. Almost inevitably this body is taken 
to be that of the missing person and the framer’s intended victim is now charged 
with the crime. This method, no doubt, was often successful before the tech- 
niques of the medical examiner were developed. Today, however, this branch 
of criminalistics serves as a bulwark against such misdeeds. The celebrated 
Ruxton Case 26 is an outstanding example of the resourcefulness of the medical 
examiner in the reconstruction of mutilated bodies. 
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4, PERJURY 


Associated with each of the other reasons for the conviction of innocent 
persons is the possibility of willfully perjured testimony, ^\^lile scientific crimi- 


nologv’ affords protection if it concerns physical evidence, the perjured testimony 
is generally given with respect to alleged visual observations. Under these cir- 
cumstances protection of the innocent depends upon the use of applied psychol- 
ogv’ and the administration of tests for deception-*’^ -® by the authorities con- 


cerned during the investigative phase of the case. 

Reik^ discusses a case of an erroneous conviction based on an admixture of 


perjury*, circumstantial evidence, and mass psychologv^ After stud>ing the 
alleged facts in the case, the usefulness of giving tests for deception to all wit- 
nesses and suspects is very' apparent. Such tests, competently conducted, un- 
doubtedly would have ferreted out the real murderer, who confessed his crime 
a few vears later because he had become conscience stricken. 


5. OTHER REASONS 

The other reasons given at the beginning of this chapter need not be dis- 
cussed. It must be assumed that an expert is honest, conscientious, and assiduous. 
Since his ability to continue as an expert witness in court depends upon his 
having a good reputation, it is not likely that he will jeopardize his position by 
overlooking or suppressing evidence, by submitting unsupported findings solely 
to satisfy the demands of an overzealous prosecutor or by attempting to offer 
testimony about technical matters in which he is not an expert. 
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CHAPTER 48 


LOOKING AHEAD 


Evidence in criminal investigations may be divided into two broad cate- 
gories: informational and physical. Informational evidence is obtained from the 
observations of eye-witnesses, interrogation of suspects, confessions, “tips,” and 
so forth; physical evidence has been discussed in the preceding chapters of this 
work. Crime investigations have traditionally relied upon information evidence 
as the means of solving a crime. The Wickersham Commission^ and Hopkins,- 
however, have focused attention on the many abuses which can result when 
police officers or other law enforcement officials in their zeal to accomplish 
results attempt to obtain informational evidence by resorting to methods that 
have been described aptly as the “lawless enforcement of the law.” Other 
critical studies,^- ^ in which measures have been suggested for improving police 
administration, have been published. Unfortunately at the time of their prep- 
aration it was still a little too early to see clearly the function that a police 
laboratory would have in improving these conditions. The development of 
facilities for the e.xarnination of physical evidence was accordinglv not guided 
by a progressive viewpoint, with the result that police administrators, in many 
cases without the proper scientific background, were given the task of organizing 
the police laboratory. Needless to say, the results often left much to be desired. 
Smith, ^ in viewing the rapid progress made in a decade or so, apparently believes 
that police science is now more or less well established. Not being a physical 
scientist, however, it would be difficult for him to perceive that criminalistics is 
as yet a relatively unorganized area of knowledge. With few exceptions, little if 
anything worthy of the name research is being carried out consistently as part of 
an integrated program designed to supply information necessary for more 
effective examination and evaluation of physical evidence. Men qualified by 
education and experience to be “experts” in blood grouping are not permitted 
by trial judges (and, in certain states, by state law) to testify because they have 
not M.D. degrees. As Boyd® points out, there is nothing particularly medical 
about blood grouping, and the average medical doctor is not qualified to carry 
out forensic blood grouping tests; while a great many of non-medical scientists 
are so qualified. On the other hand, questioned document examiners are welcomed 

in court and are permitted to express their opinions in disputed handwriting 
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cases ev^en though they ha\'c harl no acadr inir s(.icrHir]( training (;r any formal 
course in the subject or in alJit^d snbjcr ts and auxiliary disciplines. 

The present position oi crirninalisiic.s aiiKjng tlic sciences may pro[>erly [>e 
compared with that of chemistry in the nineteendi century: it is tiie fortniffjiis 
result of isolated, indisiduai effort and not iIk- planned march of organi/ed 
endea\'ors. No doubt this unhapjjy cf^ndiiKjn is largeK' aitiiljiUable to the j>re- 
dominating influence of the practical mind as distinguished from the scK iitific 
spirit- At present the fostering of pure research is a concept foreign U) many 
authorities controlling police policies, fheir interest lies in l/iis particular case 
and that specific bit of physical evidence, not in the elalioration of a general 
tfie^^r^ , t s ti e h an investigation may be twenty )'ears hence. Fejr 

e.xamplc, some dcpariment.s will harbor the imschfjolcd document (.‘xtiminer 


whose scientific equipment consists of little mure than a few specifics. 'J hey will 
not, however, contribute to the financing of a research project wliich will investi- 
gate the chemistry of inks and papers with a view to providing a general ap- 
proach to document problems. Their position is analogous to that of the city 
dweller who, since he purchases his vegetables at the corner grocery, can see no 
cogent reason for his contributing by way of ta.xcs to agricultural e.xperimcnts. 

This reluctance to sponsor research does not arise from the peculiar charac- 
ter of police organizations. It is, rather, an aspect of civil governing bodies in 
general and, as such, is indicative of the temper of the public. A large mass of 
people is still unaware of the fact that re.scarch is profitable that it is for the 
precise reason of profit that many commercial concerns have established research 


units." This condition of public indifference undoubtedly suffered a profound 
shock at the revelation of the atomic bomb. The government had subsidized 
scientific research, and science had declared a dividend out of all proportion to 
the investment. Radar and the proximity fuse arc other examples of the ability 
of organized scientific groups to solve specific problems under government 
sponsorship. Concerted research is now almost the rule in medicine and indus- 


try. Synthetic rubber, antimalarials, antibiotics, television, and nylon are only 
a few of the many important developments which required hundreds of special- 
ists, working together, to bring a laboratory' idea to fruition for practical purposes. 

These accomplishments of science have assisted greatly in awakening the 
public to its responsibility in fostering research on a broad scale. The near future 
should see the establishment of many re.scarch programs in which various prob- 
lems of science will be attacked by a large number of workers specifically 
assigned to the tasks. If the urgency of the need for research in the field of 

criminalistics can be sufficiently publicized, a program of this nature will no 
doubt be instituted in police science. 


1. THE NEED FOR AN INSTITUTE FOR THE STUDY 
OF CRIMINALISTICS 

In order to remedy these conditions, it would be necessary to establish an 
arganization or institute that would perform the following services for the police 
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departments, judges, lawyers, and others interested in the improvement of 
criminal investigation and criminal justice. Many members of the legal profes- 
sion are aware of the desirability of having some means, whether it be a “Minis- 


iry of Justice,'’® a “National Scientific Commission”® or an “Institute” (such 


as is suggested here) through w^hich the problems to be described can be 


resolved. 


The remaining sections of this chapter are devoted to a consideration of the 
necessity for an integrated research program; several research projects are men- 
tioned, and the results to be expected are indicated. 


Qualifying Experts 

Some attempts have been made to indicate for a particular field w'hat 
qualifications of education or experience are required before an individual may 
be considered an expert. \Vhat is needed, however, is a general approach 
to the problem, and not isolated attempts in one or uvo branches of criminal- 
istics. Certainly, trial judges w^ould be greatly assisted if some recognized group 
undertook to certify that by their standards or tests an individual may be showno 
to be qualified to perform certain physical, chemical, or other tests on evidence 
for forensic purposes. The procedure described by Morgan^^ gov^erning expert 
and opinion evidence would also be applicable, except that through an “Insti- 
tute” the view^s of several top-flight men covxring the v^arious areas of scientific 
knowledge would be available to guide the trial judge and other parties inter- 
ested in learning the requisite qualifications of an expert in a particular field. 


Advanced Studies 

W ithin the past few^ years a trend has developed in science to have various 
leaders in their fields prepare a compendious treatment of their specialties, 
describing the principles, instruments, and applicability to other branches of 
know'ledge. For example, Glasser^-* has edited a book in physics for medical 
students; Weissberger^^ has edited a book in physical chemistry for organic 
chemists. Each chapter in these books was prepared by one of the leaders in that 
phase of the w^ork. As a branch of science becomes broader in scope or increases 
in complexity, the necessity for this approach to textbook writing becomes more 
desirable. In a field as diversified as criminalistics, it is a necessity if the work is 
to be treated on the graduate lev'el. On a limited scale, Shore, Snyder, and 
others^® have written texts covering certain aspects of criminal investigation in 
which they had such contributors ais C. A. Mitchell, C. \V. Muehlberger, 
C. M. Uson, H. Mulbar, D. G. Monroe, R. F. Borkenstein, and others con- 
tribute chapters on their specialties. 

The Institute, then, could engage \*arious leaders in those branches of 
learning that are applicable to the work of criminalistics to prepare monographs 
or chapters for a book similar to those mentioned above. 
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Standardized Procedures 

The Association of Oilicial Ai^riculiural C ’iicinists, The American Sot ieiy 
for Testing Materials, and many other organizations or industrial grtjups liave 
established official methods analysis ior vatiijus substanc(^s which they are 
required to analyze or inspect. As a result (jI the work of these groups authorita- 
tive, competent, and unbiased methods of wide applicability have been de\el- 
oped. Courts, in proceedings where dilTereni metlujds of analysis liave be<*n 
employed and where it becomes lU'cessary to make a clioice, usually will recog- 
nize the official methods advocated by scientiiic societies. 

The advantages of having standardizt'd proceduncs and official methods of 
analysis for examination of evidence in criminal investigatitjns would be similar. 
Unlike ordinary analytical laboratories, however, the police laboratory has little 
control over the evidence sainj)Ie submitted for analysis. For this reason, then, 
it is not possible to specify exactly how the analysis is to be performed in all 
cases. In these situations the practice now fidlowed of having the analyst choose 
or develop his own method would continue. He, of course, should be able to 
explain why he thought it wise, or found it neces.sary, to depart from the 
standardized procedure (if such exists). 


Internal ^‘Branding” of Clue Materials 

A recurring problem of the police laboratory is the detection of the source 
of a particular sample of clue material. Where the sample is small the police 
scientist employs spcctrographic methods of analysis. The value of this analysis 
depends upon the presence of trace elements which uniquely identify the sub- 
stance. Trace elements, however, are not always present in sufficient numbers 
for the spectroscopist to be specific in indicating the source. A practical measure 
for aiding the police in their work would be the addition by the manufacturer of 
unusual trace elements. Thus bullets could be distinguished according to manu- 
facturer and year of production by the addition of a specified trace element in 
specific amounts to the metal. This internal “branding” could be readily ap- 
plied to inks, paints, glass, lipsticks, and many other products. In the case of ink 
the trace elements would serve to identify the year of manufacture of the ink 
and thus help to frustrate the future forger. 

In order to enlist the cooperation of industry on a nationwide scale, a com- 
plete plan, developed through research, would have to be presented to the manu- 
facturers. The selection of trace elements for particular products would be 
determined by the Institute in conjunction with the manufacturer. In this way 
tracers could be selected which are not harmful to the user and which do not 
affect the appearance or quality of the product. 


Financial Support 

In order to accomplish these objectives such an Institute would require 
financial support. This may perhaps be obtained by grants from foundations, 
endowment funds, private gifts, and appropriations of public funds (municipal. 
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state, and federal). Fosdickd^ in cautioning that police departments are grave- 
yards of projects and improvements which, if they had been permitted to de- 
velop to maturity would have reconstituted police work, indicates that it is 
desirable to have financial support outside of governmental appropriauons in 
order to insure continuation of the work, since progressive programs require a 
number of years to accomplish, and must therefore not be dependent upon the 
political fortunes of any particular administration. 


2. RESEARCH IN CRIMINALISTICS 

Research topics in police science may be grouped into three categories: 
fundamental research, instrumentation, and collection of statisdcal data. An 
impressi\ e list of problems can be readily drawn up under these classifications. 
Of these a few will be stated below for purposes of illustration. 


Fundamental Research 


While in general, physical and chemical theory- is advanced far beyond 
the requirements of the police laboratory, occasionally it appears to be inade- 
quate in e.xplaining certain phenomena which have been found experimentally 
to be useful. For example, chloral hydrate (Chap. 37) has been successfully used 
to develop the writing on charred documents. The reasons for the efficacy of 
this method are not apparent. However, if a theoretical interpretation of the 
nature of the reaction were possible, it would also be fruitful in suggesting other 
lines of approach, such as use of related compounds or optimal e.xperimental 

conditions. 

Another example of a subject which has been inadequately understood is the 
use of iodine for such purposes as latent fingerprint development, secret wTirings, 
indented writings, and erasures. Formerly the term selective absorption was used 
to explain the action of iodine in these applications. Rowe,’^ however, as a result 
of an investigation of the staining of fibers by iodine, has developed a theor\' 
which elucidates more satisfactorily the nature of the chemistry involved. 


.\ccordinc to Rowe, the absorption of iodine is a colloidal phenomenon which is 
influenced by any condition that changes the nature of the absorbed iodine, 
i.e., particle size, or the nature of the absorbent, e.g., hydrauon. Accordingly, 
the role of potassium iodide appears to be mainly one of formation of a complex 
ion with the iodine; whereas the salts (zinc chloride, aluminum chloride, and 
-alcium chloride) are employed to swell the fibers and to increase the size of the 
iodine -iodide water absorption complex. The use of these salts therefore in- 


creases the amount ot iodine absorbed on the fiber. 

From this theor%^ the criminalistician can readily see that the result obtained 

bv fumincr a paper with iodine will not be quite the same as that obtained by 
usincr an iodine solution such as that described on p. 504. Thus, if its use does not 
preclude further examination and it is otherwise permissible, a solution of lodme 
is to be preferred to iodine fumine since, in the case of the solution, a greater 

amount of iodine enters into the reaction. 
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The nature of the chemistrv of ilic prrripitin and aL':cduiination reactions of 
blood presents a problem ihe solm iott nl w )n< h i ji.i v hr f if t' real \ alu(‘ in cri n linal - 
istics. An insight into this suIjJc ci wouUl j)( ilia})‘< h ad to the development of a 
simple*, specific field test U)r human hlf>od siains. 

The methods of developing latent fingerprints at the scene of a crime are not 
entirely satisfactory. Too little is knenvn of the limitations placed upon the 
various methods by the different surfaces on whit h the jjrint may be found. At 
present considerable mysticism and su[)erstiiifm influence the sel(‘Ction of 
^jjgerprint powders. Little is known of the physics and chemistry which deter- 
mine the composition of a powder of gfjod adherent Cjualities. The (‘ffecis of 
granulation, density, and possible reactions with (*xudations of fingers must all 
be investigated more thoroughly. Many other similar proldems could be men- 
tioned here. Even this brief list, however, should offer an appreciation of the 
great advances that could be made if this type of knowledge were available to 
police laboratory workers. 


Instrumentation 

In Chapters 42, 43, and 44 a few instruments were discussed which hitherto 
have been more or less neglected in their application in criminalistics. In addi- 
tion to increased employment of these insirumenis along the lines indicated, 
there is needed further research into other possible applications. For example, in 
the chapter on semen examinations, it was pointed out that the only diagnostic 
test is the microscopic identification of a spermatozoon. It need hardly be men- 
tioned that all too frequently this result is not achieved even under the promising 
condition of having a stain that appears to possess all the .superficial characteris- 
ti ;s of a seminal stain. Thus it would be desirable to have a chemical or physical 
method which would identify human seminal fluid. In this connection, speciro- 
photometric and x-ray diffraction studies of proce.ssed seminal stains might be 
found useful. 

Other instruments or techniques, which have not been mentioned previously 
but which appear to be useful in police laboratory work, include the polaro- 
graph, electron diffraction, mass spectrograph, gas analysis by thermal con- 
ductivity, infra-red spectroscopy, and x-ray absorption analysis. Each of these 
instruments will no doubt provide valuable methods in criminalistics. Let us 
consider, for example, the possibilities of the la.st mentioned technique. 

The analysis of a substance by the absorption of short x-rays has only 
recently been made possible by the development of a photoelectric x-ray in- 
tensity meter. The sensitivity of this meter is such that differences in the absorp- 
tion of x-ray energy equivalent to a ten-billionth of a watt can be measured. 
Thus in a pile of 100 sheets of paper, the addition or removal of a single sheet 
can be determined by the difference in x-ray absorption. An instrument of this 
nature will undoubtedly be of use in the police laboratory. Furthermore, the 
absorption of x-rays differs from element to element, is unaffected by the state 
of chemical combination of the atoms, and is independent of the physical state 
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of the substance. An instrument based on these principles should f>e of use in 
the phvsical examination and comparistm of due materials. 

Broadly speaking, research in instrumentation must l>e siewtxl as an effort 

to provide the standard techniques and procedures nccessarx' for an objective 
examination of clue materials. 

The Collection of Statistical Data 

In Chapter 46 the application and usefulness of the mathematical concept of 
probability in assisting the Jur\* to determine the innocence or guilt of a de- 
fendant was developed. It was pointed out that, in the aijsence of precise infor- 
mation concerning the frequency of occurrence of an ev ent, it is necessarv to use 
conservative estimates of the probability factor based on a "common sense'"* 
approach. Through research, however, it is possible to assign more correct 
values to the probability factors of various clue materials. For example, Kirk 
and Burd-‘ have published the results of a study of the frequency of distribution 
of the distinguishable hues and shades of blue wool in men's suit cloths. The use 
of these data in the calculation of the probability of fiber matches is also dis- 
cussed by these authors. Tryhorn" has also indicated the need for the compila- 
tion of statistical data, mentioning blood-and-semen stains as examples of 
evidence which might be enhanced in value if the frequency of occurrence was 
known of such stains on garments selected at random and in nowise related 
to crime. 

Common Sense vs. Research 

In order to compare the calculated probability based on common sense with 
that based on experimental data of Kirk and Burd,'-^ let us consider the following 
hypothetical case. A suspect. A', wearing a blue suit, is apprehended shortly 
after commission of an assault on T, who was also wearing a blue suit. Labora- 
tory^ examination of T’s suit reveals it to be composed of three different shades of 
blue wool. In addition, it also contains several adherent fibers of two other 
shades of blue wool, which are found upon further examination to be the same 
as the shades of wool used in A^s suit. Furthermore A’^s suit is also found to have 
adherent several blue wool fibers some of which are similar in shade to each of 
the three shades of wool used in suit. On the basis of this evidence what is the 
probability of X being the guilty party? 

The probability, based on common sense might be calculated in the follow- 
ing manner: 

Experience, i.e. common sense, tells us that there are probably about ten 
to twelve different shades of blue wool used in men's suits. However, since we are 
not certain of this, it is necessary^ to be conservative. Therefore, we shall assume 
that there are six different shades of wool, each being used with the same fre- 
quency. The probability then is (^)^; the exponent 5 is used since there are five 
“unknown” fibers involved in this case. In other words, the chance of finding 
this combination of fibers is about 1 in every 7800 blue suits examined. 

The exDerimental data of Kirk and Burd show that there are about 26 



LO(^KIX(; AilKAI) 


69:i 


shades* of distinguishaljlc blut.: wtjijl.s u-'t-d in incn’s suits, each variety being 
found on the average oi 5.88 per ( enu so liiai tin- Iraciion \v'<juld re[)res(rni 
the frequency of occurrence ui' a jjaniculai shade. 1 he proi>ability then is 
or 1 in 3,200,000 tor the fjccurreiKc (A itie c oinbinat ifjn of fibers used in 
the example above. 

This example illustrates how jusiit e may Irequenily be frustrated l>y the 
“common sense" method, whereas, with the ne(:es'^ary data c<Jinpil<*d through 
research, a more accurate ap|)roxiinaiion of the prohabiliiy can be obtained. 


Other Research Studies Involving Statistical Data 

Kirk and his co-workers-*"-^ have pui)lished a series of other articles in which 
various physical properties such as scale count, index of refraction, s[)ecific 
gravity, and the like have been investigated from the standpoint of their useful- 
ness as a means of individualization of a [)ariicular clue material. These studies 
may be regarded as the beginning of the vast research program that is necessary 
to collect the data on the Irequency of occurrence and the frequency of variation 
of the measurable physical properties of common clue materials. The usefulness 
of universities offering courses in criminalistics to amass these statistical data is 
suggested by the fact that Professor Kirk was conducting the University of 
California’s course in “Technical Criminology” at the lime of these researches. 


The Literature of Science 

The methods of criminalistics are in the main derived from the theories and 
techniques developed in other sciences. For example, spectroscopy, microscopy, 
photography, and serology, to name a few branches of knowledge from which 
forensic scientists have borrowed, were developed without any particular 
thought of their usefulness as a means of solving crimes. Thus, in order to cull 
information applicable to the work of the police laboratory, persistent study 
must be made of the journals of physics, chemistry, medicine, and biology. 
Usually, a surs'ey of the various “abstracts" will locate the articles of likely 
value. The person who undertakes such a search, however, must be well ac- 
quainted with the problems of criminalistics. Articles which contain pertinent 
material are seldom indexed with reference to police science. Furthermore, the 
purpose of the authors of such pertinent articles is usually quite different from 
that of the criminalisiician, who is largely concerned with the problem of deter- 
mining whether or not two samples came from the same source. Hence, he is 
interested in all the techniques, instruments, and criteria which will enable him 
to make this determination. The men who develop the methods, instruments, 
and theories which may be appropriated for this purpose usually ha\ e a different 
objective in mind when preparing their papers. Consequently, the article is 
frequendy entitled and indexed in a manner which is not suggestive of its value 
to the detective -scientist working in the police laboratory. 

* Not six (or ten to twelve) as we conservatively estimated for the calculation based on 
coounon sense. 
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During the preparation of this text, the authors made a brief, cursorv 

examination of the extensive literature of the physical and biological science 

It u as found that there already exists a ivealth of information which is applicable 

to e problems of criminalistics. However, only those theories and data which 

^^ere of obvious relevancy could be considered at that time. The authors strongly 

leel that a thorough, extended examination of the literamre of the past tivenw 

> ears of science would be extremely fruitful. Thus, an extensive surx-ev of the 

uerature of science for the purposes of criminalistics would be a preliminary 
Step in any large scale research program. 


3. THE FUTURE 

Homer S. Cummings, former Attorney General of the United States has 
descnbed^o a case m which one Harold Israel could easily have been competed 
or murder. Evidence consisting of a isritten confession, identification of Israel 
by several eyewitnesses, and an opinion by a “firearms expert” that the fatal 
bullet was shot from Israel's gun had been obtained bv the police during the 
course of the investigation. In the face of this evidence' the alertness displayed 
b> the prosecutor (Mr. Cummings as Connecticut’s State Attorney) in prevent- 
ing a gross miscarriage of justice, has led the legal profession to regard this case 
as a classic illustration of the proper discharge of a prosecutors duty — namely, 
protection of the innocent as well as conviction of the guilty. 

\\ hile this notable example is e\-en more impressive if one considers that it 
happened at a time when police laboratories were unheard of in this countty, 
it must be remarked that today, at least in communities seiz ed by an adequately 
staffed, tvell-equipped and frequendy used police laborator>-, the eHdence 
would have been vietved by the police in a different light. On the other hand, 
there are many communities where the ser%-ices of a police laborator>^ are not 
a\ ailable at the scene of a crime so that even today (unless the district attorney 
is as Hgilant as Mr. Cummings) it is quite possible that in a similar set of cir- 
cumstances the defendant would not be so fortunate. 

It has been pointed out by Mr. C. M. Wilson, Director of the Wisconsin 

courts in the future are likely to demand that 
e\ idence be examined in the laboratory' when standardized procedures have 
been agreed upon. This situation, of course, Is most desirable and will be most 
fnjitful when the problems of basic research, instrumentation, and the collection 
of statistical data have been brought to a satisfactory state of completion. It tvill 
then be possible to obtain the information necessary' for the iuiy' in its delibera- 

^ W / 

don of the innocence or guilt of a defendant. 

It must not be thought that it is the purpose, desire, or aim of the chapter on 

or of this chapter to say that it be made mandatory 
to use science as the only basis for sohing crimes or obtaining conviedons; for 
there w*ill always predominate cases which are soluble without assistance from 
the laboratory. “Information/' properly obtained, is, and wall continue to be, a 
verv valuable w'eapon in the armamentarium of orecinct deteedves and other 
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crime investigators. It is only when the evidence is such that a standardized 
examination is possible that it should be made compulsory for the evidence to 
be subjected to such an examination. This is desirable for it ser\’es to protect the 
innocent and assists the jury in establishing guilt in an objective fashion, thereby 
helping to eliminate errors of human frailty. According to Borchard^- there are 
about nine cases of unjust acquittal to one case of unjust conviction. Criminal- 
istics is a double-edged sword that may be used to reduce both of these unde- 
sirable outcomes of judicial proceedings. 
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Abb€ condenser, 531 
absorption of x-rays, 280, 614 
absorptometer, 635 
accuracy, 45 
age of inks (see inks) 
agglutination (see blood) 
alcohol, 
beverages, 

acetone, test for, 371 
alkaloids, test for, 371 
coloring matter, test for, 371 
determination of, 365—367 
purpose of, 365 
fomialdebyde, test for, 370 
furfural, test for, 370 
heavy metals, test for, 371 
blood, 

chemical tests for, 351—357 
field tests for, 353 
as index of intoxication, 349-350 
laboratory tests for, 354 
level, defined, 349 
per cent, defined, 349 
significance of, 349 
samples, 

l^al aspects of, 361 
obtaining of, 357—358 
preserving, 358-359 
breath, 353 
iodoform test, 367 
isopropyl, 369 
methyl, 365, 370 

determination of in mixtures 
ethyl, 367-369 
pysiology of, 359—360 
saliva, 353 
spinal fluid, 353 
tolerance to, 360—361 
wood, 365, 367-369 
Alcometer, 353 
alkaloid, defined, 433 
in alcoholic beverages, 371 
a, a'-dipyridyl, 474 
American Medical Association, 349 
ammonia gas, 396, 397 
ammonium {xdysulfide, 486 
angle of view, 148 


anonymous letters, 501 
antigen, 407 
aperture, 

marking of, 1 52 
numerical, 526 
relative, 151, 526 
auto lenses, 298—308 
automobile accidents, 289—297, 310—346 
examination of injured, 291 
of scene, 289 
of vehicle, 293 
automobile glass, 298-308 
auxochromes, 462 
averaging, 40, 41 

barbiturates, x-ray diflraction patterns, 

622 

Beam test, 450 

Becke line, 567 

benzidine test, 400 

beverages, alcoholic (see alcohol) 

blood, 

agglutination, 407 
auto-, 409 
bacteriogenic-, 409 
cold-, 409 
iso-, 407, 409, 414 
pseudo-, 409 

agglutinins, 407, 409, 411-412, 413-416 
agglutinogens, 407, 409, 410, 411, 412, 
417-420 

alcohol per cent, 349, (see alcohol) 
with antibodies, 402, 403, 407, 408 

chemical tests for, 
benzidine test, 400 
hemin crystal test, 402 
reduced phenolphthalein test, 401 
composition of, 399 
conditions, in which found, 409, 412 
evidence, collection and preservation of, 
34-35, 399 
value of, 399 
groups, 

antibodies in, 407—408 
crust-slide method, 

for agglutinins, 413—414 
interpretation of results, 416 
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blood (Cont.) 
groups {Cont.) 

designation of, 408 
determination of, 

in dried stains, 412-420 
in fresh blood, 410-412 
hazards lessen success, 412 
t\^ical results, 420 
distribution of, 408 
extraction-test tube method, 
for agglutinins, 414-416 
for agglutinogens, 417-420 
interpretation of results, 416, 420 
hemoK'zed blood, 400 
human {set precipitin test below) 
laked, 400 

precipitin test, 402-407 
control tests, 405-406 
equipment, 403 

preparation of sample, 404-405 
sources of antisera, 403 
titer of antiserum, 403, 404 
rouleaux formation. 409 
saline solution, defined, 400 
serum, 

agglutinins in, 409 
normal rabbit, 406 
stains, collection of, 31, 34, 35 
titer, meaning of, 403 
bombs, 271, 285 

bookmaker's pad, impressions on under 
sheets, 503 
Bouger’s law, 169 
Bouquet test, 450 
braking, theory of, 330-332 
brightness, 176 
broken windows, 239-246 
burned documents {sfe documents, charred) 

C-acid, 387, 388 
calendering, 495 
cameras, 152-153 
fingerprint, 208 
miniature, 152 
stereoscopic, 231-232 

cannabis indica, 432, 448-451 {see narcoticsi 
carbon monoxide, 

atmosphere, procedure in testing, 391- 
392 

detection of, 393, 394-395 
physiological effects of, 391, 393-394 
sources of, 391 
carbon dioxide, 

collection of for testing, 396 
physiological effects of, 396 
sources of, 395, 396 
cathetometcr, 65 

carbon par>er, deciphering writing on, 505 
casting, 131-139 

foot impressions, 103-106 


parts of body ,'138 

tool impressions, 1 38 

cationinc pictures, 513-514 

center of gravity of motor vehicles, 334-33( 
central tendency, 40 

characteristic curve, 170 
charred documents, 266, 506-509 
Chauvenet criterion, 48 

chemical tests for intoxication, 349-364 
chloral hydrate, 509 
chlorauric acid, 438, 448 
chlorine, 396, 397 
chloride pictures, 474, 510-511 
chloroplatinic acid, 438, 446, 448 
chromium, tests for in contact writing, 513 
chromophore, 462 
C.I.E. system, 628 
circle of confusion, 159 
calculation of, 163 
clue materials, branding of, 689 
cocaine, 432, 447-448 
codeine, 432, 441-444, 445 
coefficient of fidetion, 
definition, 311 
factors affecting, 312, 325 
collisions {see automobQe accidents) 
sp>eed determinations in, 327 
color, 

analysis, 625-642 
classification, 638 
comparison, 638 
complementary, 199 

and constitution of organic compounds, 
462-463 
contrast, 199 
measurement, 633 
sensitirity of the eye, 196 

colorimeters, 633-635 

Committee to study problems of motor 
vehicle accidents, 349 
Committee on tests for intoxication, 349 
comparison microscope, 550-553 
condensers, microscof>e, 530 
cone fractures, 240-242 
contact writing, 509-14 
contraband, 271, 432 
contrast, 181 
color, 197, 199 

measured by gamma, 172, 177 
negative, 171 
p>ositive, 175 

copp)er, test for in contact writing, 514 
coupling, 388 

criminal gangs, communication among mem- 
bers of, 494 
critical angle, 562 
crystal structure, 608 

decelerometer, 319 
demerol, 432 
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density of solids and liqxiids, 68—74 
absolute, 68 
definition, 68 
determination, 69 
effect of dissolved air, 72 
of temperature, 69 
relative, 69 
units, 69 

of water, standard, 69 
density, photographic, 169 
reflection, 177 
photographic paper, 177 
depth of field, 159—166 
electron microscopy, 646 
factors affecting, 161 

mavimiim, 165 
optical microscopy, 533, 545 
relation to circle of confusion, 1 60 
dermonitrate test, 384, 386—387 

detective dyes, 

combinations of, 375, 377 

used, nature of, 373—374, 376 
procedure in using, 373-374 
properties of, 376 

radioactive substances, used as, 378, 379— 
380 

half-life period, 380 
uses, 

false fire alarms, 374-377 
gasoline, theft of, 377-378 
inks, lal^ling of, 378—379 
kidnapping cases, 373 
large offices, petty thievery in, 373- 
377 

letters, anonymous, or poison pen, 373, 
378-379 

money, thefts of, 374—377 
pocketbooks, thefts from, 374-377 
railroad cars, thefts firom, 374—377 
wallets, thefts firom, 374-377 
developers, 192 
development, 

fingerprint, 77—91 
photographic, 187 
chemistry of, 190-194 
time vs, gamma, 173 
dial gauge, 62 
diaphragm, 
aperture, 531 
field, 532 
diazotization, 388 
dice, 252-256, 272, 285 

diffraction grating, in spectrographs, 585—588 
in x-ray diffraction, 607 
diphenylamine test, 384, 386, 387 
diphenylcarbazide, test for chromium, 513 
diphenylthiocarbazone, test for copper, 514 
dispersion, 

measures of in statistics, 43—45 


documents, 

age of inks, 457, 468—475 

carbon paper, deciphering writing on, 505 

cationic pictures, 513-514 

charred, 

handling, 506 

legibility, restoring, 266, 507-509 
chloride pictures, 474, 513—514 
contact writing, 509—514 
explained, 509 
chemistry of, 509—514 

cationic pictures, 513—514 
chloride and sxilfate pictures, 510—512 
eradicators, 480, 482—483 
erasures, 

detection of, 481—483 
restoration, 

chemical methods, 485—491, 510—512 
physical methods, 483—485 
types of, 480 
indented writing, 
defined, 503 

legibility, restoring of, 503—504 
obliterated writing, 

deciphering of, 491—492 
types of, 480 

sulfate pictures, 474, 510-513 
Drunkometer, 352, 353 
Duquenois’ reagent, 438, 449—450 
dust, collection of, 32—34 

ecognine, 432 

electrical measuring instruments, 66 
electron microscope, 428, 643—654 
application to criminalistics, 650-653 
lens, 644 

emulsions, photographic, 178—180 
latitude of, 179, 277—278 
nature of, 190 
orthochromatic, 198 
panchromatic, 199 
process, 197 

spectral sensitivity of, 197 
spectrographic, 588 
types of varying contrast, 181 
enlarging, effect on perspective, 156—158 
eradicators, 480, 482-483 
erasures, (see documents) 
error, 44 ff. 
probable, 44 

of the difference between two means, 46 
espionage information, communicated by 
secret writing, 494 
ethyl alcohol, 365—367 (see alcohol) 
evidence, 

circumstantial, 681 
collection of, 30-36 
handling in laboratory, 5 
importance of care in treatment, 3-4, 21 , 
30 


of a spectrograph, 583, 584, 587, 590 
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e\'idence (Cant.) 
informational, 686 

phy-sical, 684 

simulated, 683 
expert, 359, 686, 688 
exposure, 151 
meter, 182 
negative, 1*78 
over- and under-, 171 
printing, 182 


false fire alarms, detection of, 374-377 
f number, 151-152 
fibers, collection of, 32 

film, photographic (sirf emulsions) 
filters, 195-20~ 


contrast, 200 
correction. 200 
factor, 202 

in fingerprint phoiographv, 210, 214 
infra-red, 222-223 
microscope, 556-358 
fingerprints, "VI 01 
of cadavers, 90—91 
developing by, 
iodine, 84-86 

miscellaneous methods, 86-87 
osmium tetroxide, 84 
powder, ^"-81 
silver nitrate, 82-84 
x-ravs. 91. 2"'3 
photography of, 208-216 
surfaces l^arins:. 88-89 
transferrins:, 91-96 
trans(X)rtation of articles 
Florence test, 430 
fluorescent, 

examinations, 259-263 
photo^^raphy, 21 "-222 
powders, 

in detective work, 3"3-3"6, 378, 379 
fingerprint, 212 
fluoroscopy, 2"2, 282-283 
focal length, 145 

and angle of \-iew, 148 
and magnification, 148 
and pcrspKrctivc, 15" 
and plate diagonal, 148 
foot impressions, 103-113 
casting, 103-10" 
footprints, surface, 111-112 
friction, 31 1 

coclFicicnr of, 31 1 



factors alTccting, 312-315 
Froehde’s reagent, 43", 440, 443^ 445 


gambling devices, 24"-256 
gamma. 1"2 
and film, 181 


product, 177 

gasoline thefts, detection of, 377-378 
gases, analysis of, 391-398 
Geiger counter, 380-381 

use in detecting secret writing, 497 
gems, 

fluorescence of, 259 

identification by x-ray diffraction, 620 
Geneva gauge, 58 

glass, 298-309 
analysis, 304, 600 
auto headlight, 298 
composition, 302-304 
density, 305 

direction of fractures, 239-246 
fluorescence, 259 
refractive index, 306 
safety, 244 

x-ray diffraction patterns, 621 
greases, collection of, 34 
gunpowder, 385 

gun shot pattern {see powder residue) 

i/-acid, 387, 388 
haemotoxylin, 461, 462 
half-life period, 380 
half-shadow method, 569 
Harrison process, 94 
hashish, 448-451 

heroin, 432, 441, 442, 443, 445-446 

hit-and-run cases {see automobile accidents) 
human blood {see blood) 
hyperfocal distance, 165 

impressions, 75-139 
foot, 103-113 
tire, 114-118 
tool, 121-130 
indented \>Titing, 503 
infra-red examinations, 263-268, 496, 

508 

ink, 

age of, 457, 468V"5 

conditions, influence on, 459, 469, 471- 
472, 474 

determining, difficulties in, 457, 471- 
472, 475-4"6 

chemical methods of, 469 
blue dye, 473—474 
chloride ion diffusion, 474, 510-513 
oxidation of ferrous to ferric ion, 

474-475 

reaction time, 472V73 
sulfate ion diffusion, 474, 510-513 
Loribond tintometer, 469-471 
chemistry' of, 459-464, 466-467 
color changes in aging, 459, 469-471 
composition of, 458, 461-462, 463-464 
eradicators, 480, 482, 483 
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ixtm tannatc^ restoration 489 

labefing ol^ 378, 379 
logwood, restoration oS, 491 
provisionai dye, 458, 473 
secret, 494, 496, 497, 498, 500 
sediment in, A76-4T? 

8yim>athetic, 494 
types o^ 457—464 
blue-black, 457—461 
carbon, 463 
Chinese, 463 
colored, 464 
gallotannate, 457—461 
India, 463 
l<^;wood, 461—462 
nigrosine, 463 
nutgali, 457—461 
inviafaJe writing, 494-501 

anonymous letter cases, employed In, 501 
detection, method of, 
nh^nniralj 499-501 

colored powdeia, 498 
dy^498 

(^ger counters, 497 
heat, 497 

infira-red, 266, 496 
ioc&nc, 497 
ultraviolet, 261, 496 
viable light, 495 
x-rays^ low voltage, 496 
aring of paper, removed by, 495, 498 
substances used for, 494, 496, 497, 498, 500 
iodine, 

fingerprints, development o^ 84-86 
indented writing, restoring Usability, 504 
secret vndting, develc^ment 497 
instrumentadon, 691-692 
ion exchange, 435-436 

iT lines in x-ray dU&actian, 612, 614 

latitude, of eimiLaon, 
negative^ 179 
poadvc, 182 
laundry ma^s, 261 

choice 152 
data, 151 
elecbtniic, 644 
finrmulas, 145-146 
q>eed 0^151 
tdephotn^ 150 
wide-an^e;, 149 
letters, 

ancmymoiE^ 501 
poism pen, 373, 378-379, 501 
reading mmpen^ 267 
“liftem,” 

fingi^cprin^ 91^ 
fec^pBon^ 112-114 


liquid^ collection d, 34 
Lovibond tintometer, 469-471, 634 

mag nifirarion^ 146, 537—539 

effect on exposure, 182 
relation to depth of field, 161 
magnifier, hand, 522 
magnifyii^ power, 537—539 
Mandelin’s reagent, 437, 439 
marijuana, 448-451 
Marm^’s reagent, 437, 441-444 
Marquis* res^ent, 437, 440, 443, 445 
mathematics, 657-665 
and criminalistics, 657 
probalulity theory, 659 
marked c:ards, 250-252 
Mayeris reagent, 433, 435 
mean, 41 

probable error of, 45 
measuring tape, 64 
use 325 

Mecke*s reagent, 437, 440, 443, 445 
meconic add, 438, 439 
methylene blue (see detective dyes) 
micrometer caliper, 57 
microscope 521-541 
comparison, 550-553 
electron, 643-654 
micronieta', 14, 60-61 
optical, 521-541 
micro techniques, 
in analysis of alkalcads, 436 
in g p <* rt m rh<»mir.al analysis, 595 
miscarriages of justice, 680-685, 694—695 
Mohr-Westphal balance, 70 
money, methods of labeling, 374-377 
morphine 432, 433, 438-442 
motor vehicle 

acddent investigatian, 289-297 
determining speed 310-346 
znoulage 134—137 

narcotics, 

adulterants in, 434 
procedure for separation, 434-436 
alkaloid, defined, 433 
alkaloidal reagent, 433 
analyas by spectrophotometer, 641 
by x-ray difiiraction, 621 
Beam test, 450 
Bouquet test, 450 
cannabis indica, 448 
analysis of^ 449-451 
physiolf^^ effects o^ 448 
cocaine 447 
analysis 447-448 
codeine 442 
analyris 442-444 
method of extraction, 442 
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narcotics {Cont) 
definition of, 432 
demerol, 432 

Duqucnois’ reagent, 438, 449— ,50 
Froehde's reagent, 43'^, 440, 443, 445 
heroin, 445 
analysis of, 445-446 
method of extraction, 445 

ion-exchange method for extraction, 435- 
436 

Mandelin’s reagent, 437, 439 
marijuana, 448-451 

Marme’s reagent, 437, 441, 442, 443 
444 

Marquis’ reagent, 437, 440, 443, 445 
Mayer’s reagent, 433, 435 
Mecke’s reagent, 437, 440, 443, 445 
meconic acid, 438, 439 
method of testing for, 433 
microcrystalline tests for, 433 
micro techniques, 436 
Oliver’s test, 437 
opium, 432 

analysis of, 438-440 
reagents, used in analysis of, 436-438 
Sonnenschein’s reagent, 433 
Wagner’s reagent, 433, 435, 438, 442, 443, 
444 

negative, photographic, 168-175 
contrast, 171 

defects and remedies for, 185 
density, 169 
perfect, 170 

tone control in, 168, 185 
normal curv^e of error, 43 
normal distribution, 41-43 
normal law, 42 
normal probability cur\'e, 42 
National Safety Council, 349 
nitrates, detection of, 386-387 
nitrites, detection of, 387-389 
numerical aperture, 
definition, 526 

of the electron microscope, 646 

objectives, 

microscope, 527 
photographic, 152 

oblique lighting, 

for charred documents, 507 
for indented >vTiting, 507 
obliterated ^^Titing, 480, 491-492 
Oliver’s test, 437, 440, 443, 445 
opacity, 169 
opium, 432, 438-440 
orthochromatic film, 198 
orthostereoscopic camera, 233 

paint analysis, 


by spectrography, 5^2. 5^3, 5^8-579 598- 
599 

by spectrophotometry, 639 
by x-ray diffraction, 620 
panchromatic film, 198 
paraffin test, 384, 386-38" 

p>cncii writing, restoration of, 484 485 

488 

per cent blood alcohol, 349 
perspective, 153-15'^ 
correction of, 156-157 
exaggerated, 155 
foreshortened, 155 

petty thievery, detection of, 3'^3-377 
photography, 141-235 
fingerprint, 208-216 

function of in police work, 141-142 
infra-red, 222-225 
at scene of crime, 141, 149-150 
stereoscopic, 22"’-235 
ultraviolet, 212, 21"’-222 
photomicrography, 542-560 
equipment, 543 
procedure, 546-548 
stereoscopic, 233-234 
of various subjects, 548-555 
pick glass, 61 

pinball machines, 249-250 
plaster casts, 132-134 

of foot impressions, 103-106 
pocketbook, method of labeling, 374-377 
poison pen letters, 373, 378-379, 501 
polarizing screens, 203-207 
in copying, 205 
and glare, 203 
police laboratory, 

community size, relation to, 10 
equipment for, 11-20 
for large city, 11-19 
mobile unit, 21 
airborne, 28-29 
equipment for, 22-27 
necessity for, 21 
{jersonnel, 6—8 
plan of, 4 

procedure for handling evidence, 5—6 
research in, 8-9, 686-694 
ser\fice, need for day and night, 8 
for small community, 19-20 
poroscopy, 96-99 
powder, 

fingerprint, 79 
fluorescent, 373-379 
gunpowder, black, 385 
semismokeless, 385 
smokeless, 385 
j>owder residue, 

chemical tests of, 386-389 

for estimation of muzzle distance, 384, 387, 




powder residue (Cent,) 

paraflin-diphenylamine test, 384, 386-387 
Walker test, 387—389 
prcdfatiiis, 402 
precision, 45 
indices, 45 

printing, photographic, 182-183 
exposure in, 186 
long- and short -scale, 183 
prisoners, surreptitious communication be- 
tween, 494 
probable error, 45 

in computed results, 49-50 

of the ^flerence between two means, 46 

of the mean, 45 

probability and proof, 666-678, 680-683, 
694 

conditional, 673 
and court testimony, 675-679 
mathematics of, 659-665 
normal curve of, 42 
process film, 197 
pycnometer, 69—70, 366 

radial fractures, 241 

railroad cars, detection of thefts from, 374— 
377 

radioactive substances as detective dyes, 378- 
380 

radiograph, 

contrast in, 282—283, 286 
defined, 274 

definition in, factors affecting, 280-282, 
286 

exposure of, factors influencing, 279-280, 
286 

image, factors influencing, 279-280, 286 
focus in, 280-282, 286 
rape cases {see semen) 
reefer (see cannabis indica) 
reflection density, 176 
refiaction, critic^ angle of; 562 
refiractive index, 561—570 
definition, 561 
effect, of temperature, 561 
of wave length, 562 
immersion liquid^ 568 
of glass, 306 
of mixture, 570 
of solids, 566 
refiactometer, 

Abb^ 564 
dipping, 563 

used for liquor analysis, 365, 368, 369 
relial^ty, 45 

research, 8-9, 686-695 
resolving power, 526 

of the electron microscope, 646 
the spectit^raph, 584-585, 587 
rib mark s, 242-243 


sabotage, systematic, 373 

saline solution, 400 

scientific notation, 40 

Sealed Beam Units, 298 

secret writing (see invisible writing) 


detection, 

difficulties of, 426 
in dried stains, 428—430 
in wet stains, 426 
by ultraviolet light, 428 
Florence test, 430—431 
in rape cases, 426 


identification of, 428 
extraction of, 429-430 
staining of, 427 
stains, collection of, 34 
seminal stains (see semen) 
collection of, 34 
serum (see blood) 
shadow photography, 267 
sieves, standard, 14, 63 
significant figures, 39—40 
silver nitrate, 

action on charred documents, 508 
in fingerprint development, 82-84 
skidmarks, 

and motor vehicle speeds, 310-346 
measurement of, 325 
slot machines, 247-249 
soil, collection of, 32-34 
Sonnenschein’s reagent, 433 
specific gravity (see density) 
spectrochcmical analysis, 
advantages of, 598 
aUoys, 575, 578 
cathode layer method, 576 
characteristic line groupings, 592 
direct current arc method, 575-576, 595 
compared with spark methods, 575, 578 
sensitivity of, 575 

methods for increasing, 576—577 
electrodes used in, 575-576 
equipment for, 579-582, 597 
general procedure in, 594—596 
Glimmschicht method, 576 
high-voltage altemating-cuiTcnt arc, 577, 
593 

iron arc, 589, 591 
letzen linien, 590 
metals, 575 

moving plate method for, 577, 579 
nonmetailic samples, 575, 578 
organic materials, 596 
paint, 578, 579, 598-599 
persistent lines, 590 
personnel for, 597, 598 
photographic materials used in, 588 
principal lines, 590, 591 
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spectrochemical analysis (Cont.) 
probative value of, 598 
qualitative analysis, 590-593 
quantitative analysis, 593-594 
rates ultimes, 590 
reference material needed, 597 
sample, preparation of, 595-596 
sensitivity of, 5‘'5, 5^7 
solutions, analysis of, 575, 578, 579, 595 
spark method of, 5^7-5''9 

compared with arc methods, 575, 578 
theory of, 5''3 

thermal method of, 574-575 

thin coatings or lavers, analysis of, 578, 5“’9 

tissue surrounding gunshot wound, 5’’9 

trace elements, 

analvsis for, 5"7, 595 
* ^ 

importance of, 5”2, 5^6, 5"~, 598-600 
wave length, 

measurement of. 589, 590 
setting of. 589 
standards, 589 
spectrograph. 

choice of. 5”9-581 

4 

diaphragm, 583, 588, 589 
dilfraction sratinsrs, 585-588 
dispersion. 583, 584, 587, 590 
dispersion elements, 583-588 
electrodes, type of. 5‘'5-576 
equipment, 5'9-582, 597 
focusing of, 588-589 
grating type, 580 
lenses, 582, 585, 589 
light source, 588, 589 
Littrow type (see equipment above) 
mechanism, simplicity of, 572 
principal parts of, 582-588 
prisms in. 583-585, 588, 589 
prism type, 5T'9-581, 585 
resolving power, 584-585, 587 
room, 16 

slit. 583, 585. 5^8, 589 
spectrophotometer, 625-642 
application. 639 
Beckman, 636 
Hardy, 637 

spermatazoa {see semen) 
spherometer, 58 
spiral fractures, 241 
stains, 

blood (see blood 1 

collection of. 34-35 
in infra-red, 265 

seminal (jfv semen) 
collection of, 34 
in ultraviolet. 259 

stamps, marking for future identification, 501 
standard deviation, 43 


statistical data, collection of, 692-693 
statistically reliable difference, 46 
stereoscopic cameras, 231-232 
stereoscopy, 227-235 
stock room, 10, 18 

stopping distance of motor vehicles, 316 
stop watch, 64 
suicide, 384 

sulfate pictures, 474, 510-511 

sulfur dioxide, 396, 397 

suspicious package, examination of, 285 

target materials for x-ray diffraction, 614 
Teichmann (hemin crystal) test, 402 
thefts, recurring, 373-377 
thermometers, 63 
thread-counting devices, 61 
thiocvanic acid, 486 
tire impressions, 113-117 
tire marks on bodv, 293 

f 7 

tool impressions, 121-130 

trace elements, importance of, 572, 576, 577, 

598-600 

traces of ink. 509 

4 

transferring fingerprints, 91-96 
transparencies of fingerprint negatives, 215 
transparency, 168-169 
trichromatic coflicients, 630 
tristimulus functions, 629 

ultraviolet, 257-263 
filters, 218 
light sources, 258 
photography, 212, 217-222 
work room, 16 

vanadium, test for in contact writing, 514 
v^ernier caliper, 56 
principle of, 55 

Wagner's reagent, 433, 435, 438, 442, 443, 
444 

Walker test, 387-389 
walking pattern, 109-111 
wallet, method of labeling, 374—377 
wave length (see end paper) 

dominant, 626, 631 
infra-red, 223, 263 
ultraviolet, 258 
x-rav, 274, 611 

4 4 f 

Weber process, 93 

weight transfer, 332-333 

Westphal balance, 70, 366 

Wickersham Commission, 686 

windows, direction of force in breaking, 239 

246 

Wood's metal, 138 
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x-ray diffraction, 607-624 

applications, 436, 618—21, 622 
methods, 615 
powder method, 616 
target materiab, 614 
use in identification, 618 
x-rays, 

cassettes, use of, 277 
applications, 

biological specimens, 273, 285 

cloths and fabrics, 272, 285 

contraband, 271, 285 

counterfeit coins, 272 

dead bodies, identification of, 272, 273 

deciphering stencilled writing, 274, 

496 

dice, 272, 285 

fingerprinting, 91 

forged paintings, 272, 285 

gunshot holes, 273, 274 

jewelry, 273 

leather, 272 

paper, 272, 285 

secret writing, 274, 496 

suspicious packages, 283-285 


film, types of, 277-279 
and tube distance, 279 

combined with intensifying screens, 
281 

intensifying screens, uses of, 277 
kinds of, 271, 273 

hard x-rays, uses of, 271-272 
soft x-rays, uses of, 272-274, 285 
arrangement of apparatus, 285-286 
penetrative power of, 271, 276, 280, 286 
principle of line focus, 276 
protection from, 283 
radiograph {see radiograph) 
scattered radiation, 282 
source of, 275 
target materials, 275 
technic chart, 280, 285, 286 
tube, 

current, 275, 279, 286 
and film distance, 279, 286 
focal spot of, 275, 276, 280-281, 286 
impressed potential, 275, 282-283, 286 
target, 275 

wave length and potential, related, 276 
work room, 18 
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